m Searching PAJ 



1 /2 1— v 



PATENT ABSTRACTS OF JAPAN 

(1 DPublication number : 09-254386 
(43)Date of publication of application : 30.09.1997 



l • — 

(5 Dint. CI. 

i . — — — 




B41J 2/045 
B41J 2/055 
B41J 2/16 




(21)Application number 


: 08-081 751 


(71)Applicant 


: SEIKO EPSON CORP 


(22)Date of filing : 


03.04.1996 


(72)Inventor : 


SHIMADA KATSUTO 








HASEGAWA KAZUMASA 



(30)Priority 

Priority number : 07 77634 Priority date : 03.04.1995 Priority country : JP 

08 7217 19.01.1996 

JP 



(54) INK JET RECORDING PRINTING HEAD AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an ink jet 
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with specific thickness and a piezoelectric element 
precursor film are formed to be thermally oxidized in an 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1] The printer head for ink jet record containing the single crystal silicon substrate which 
has a breakthrough, the zirconium dioxide film which contacts a silicon substrate front face 
directly, or contacts the oxidization silicon layer of the silicon substrate front face directly so 
that one opening of the breakthrough of the silicon substrate may be covered, the lower 
electrode on the zirconium dioxide film, the piezo electric crystal film on the lower electrode, and 
the up electrode on the piezo electric crystal film. 

[Claim 2] The printer head for ink jet record according to claim 1 whose crystal structure of said 
zirconium dioxide film is monoclinic system in ordinary temperature. 

[Claim 3] The printer head for ink jet record according to claim 2 with the thickness of said 
zirconium dioxide film thicker than the thickness of said lower electrode. 

[Claim 4] The printer head for ink jet record according to claim 2 or 3 whose diameter of average 
crystal grain of said zirconium dioxide film is 500-3000A. 

[Claim 5] The printer head for ink jet record according to claim 1 whose thickness of said 
zirconium dioxide film is 100-600A. 

[Claim 6] The printer head for ink jet record according to claim 5 whose thickness of said piezo 
electric crystal film is 0.5-5 micrometers. 

[Claim 7] The printer head for ink jet record given in any 1 term of claims 1-6 said whose piezo 
electric crystal film is the PZT (PZT) film. 

[Claim 8] said piezo electric crystal film — the 3rd component — more than 5 mol % — the 
printer head for ink jet record according to claim 7 which is included 3 component system PZT 
(PZT) film. 

[Claim 9] The printer head for ink jet record given in any 1 term of claims 1-8 which said lower 
electrode becomes from the ingredient which uses either platinum or palladium as a principal 
component. 

[Claim 10] The printer head for ink jet record given in any 1 term of claims 1-9 which contain an 
adhesion layer further between said zirconium dioxide film and said lower electrodes. 
[Claim 1 1] The printer head for ink jet record according to claim 10 which said adhesion layer 
becomes from a gold oxide group. 

[Claim 12] The printer head for ink jet record according to claim 1 1 said whose gold oxide groups 
are titanium oxide, tantalum oxide, an aluminum oxide, tin oxide, a lead-oxide tantalum, 
oxidization iridium, or those mixture. 

[Claim 13] The printer head for ink jet record given in any 1 term of claims 1-12 in which said 
lower electrode, said piezo electric crystal film, and said up electrode are formed by the thin film 
forming method. 

[Claim 14] The single crystal silicon substrate which has a breakthrough, and the zirconium 
dioxide film which contacts directly on a silicon substrate or contacts directly on the oxidization 
silicon layer of the silicon substrate front face so that one opening of the breakthrough may be 
covered, The lower electrode on the zirconium dioxide film, and the piezo electric crystal film on 
the lower electrode, It is the manufacture approach of the printer head for ink jet record 
containing the up electrode on the piezo electric crystal film. The stress in which a load is 
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carried put to said single crystal silicon substrate by the difference with the volume change of 
the volume change of the single crystal silicon substrate accompanying the temperature change 
from the elevated temperature in a production process to ordinary temperature, a lower 
electrode, and the piezo electric crystal film The manufacture approach of the printer head for 
ink jet record characterized by decreasing by the cubical expansion by crystal phase transition 
of said zirconium dioxide film, or the cubical expansion by the oxidization to a zirconium dioxide 
from a zirconium. 

[Claim 15] The single crystal silicon substrate which has a breakthrough, and the zirconium 
dioxide film of the monoclinic system which contacts directly on a silicon substrate or contacts 
directly on the oxidization silicon layer of the silicon substrate front face so that one opening of 
the breakthrough may be covered, The lower electrode on the zirconium dioxide film, and the 
piezo electric crystal film on the lower electrode, It is the manufacture approach of the printer 
head for ink jet record containing the up electrode on the piezo electric crystal film. The 
manufacture approach of the printer head for ink jet record characterized by including the 
process heat-treated at temperature higher than the temperature which the crystal structure of 
the zirconium dioxide film transfers to tetragonal system from monoclinic system after formation 
of said zirconium dioxide film. 

[Claim 16] The single crystal silicon substrate which has a breakthrough, and the zirconium 
dioxide film of the monoclinic system which contacts directly on a silicon substrate or contacts 
directly on the oxidization silicon layer of the silicon substrate front face so that one opening of 
the breakthrough may be covered, The lower electrode on the zirconium dioxide film, and the 
piezo electric crystal film on the lower electrode, The process which is the manufacture 
approach of the printer head for ink jet record containing the up electrode on the piezo electric 
crystal film, and forms the metal zirconium film, In the ambient atmosphere containing oxygen 
The manufacture approach of the printer head for ink jet record characterized by including the 
process which heat-treats at temperature higher than the temperature which the crystal 
structure of said zirconium dioxide film transfers to tetragonal system from monoclinic system, 
and changes said metal zirconium film into said zirconium dioxide film. 

[Claim 17] The manufacture approach according to claim 15 or 16 that the aforementioned heat 
treatment temperature is 1050 degrees C or more. 

[Claim 18] The manufacture approach according to claim 17 that the aforementioned heat 
treatment temperature is 1 150 degrees C or more. 

[Claim 19] The manufacture approach given in any 1 term of claims 15-18 which include further 
the process which forms the PZT (PZT) piezo electric crystal precursor film on said lower 
electrode, and the process which heat-treats at the temperature of 650 degrees C or more in 
the ambient atmosphere containing oxygen, and changes said PZT (PZT) piezo electric crystal 
precursor film into the PZT (PZT) piezo electric crystal film. 

[Claim 20] The single crystal silicon substrate which has a breakthrough, and the zirconium 
dioxide film of 100-600A of thickness which contacts directly on a silicon substrate or contacts 
directly on the oxidization silicon layer of the silicon substrate front face so that one opening of 
the breakthrough may be covered, The lower electrode on the zirconium dioxide film, and the 
piezo electric crystal film on the lower electrode, The process which is the manufacture 
approach of the printer head for ink jet record containing the up electrode on the piezo electric 
^ crystal film, and forms the metal zirconium film directly on a single crystal silicon substrate on 
the oxidization silicon layer of its direct or silicon substrate front face, The process which forms 
a lower electrode on the metal zirconium film, and the process which forms the PZT (PZT) piezo 
electric crystal precursor film by the thin film forming method on the lower electrode, The 
substrate with which the PZT (PZT) piezo electric crystal precursor film was formed At the 
same time it heat-treats in the ambient atmosphere containing oxygen and changes said PZT 
(PZT) piezo electric crystal precursor into the crystalline PZT (PZT) piezo electric crystal The 
manufacture approach of the printer head for ink jet record characterized by including the 
process which changes said metal zirconium film into the zirconium dioxide film. 
[Claim 21] The manufacture approach according to claim 20 of carrying out the process which 
forms the metal membrane for adhesion layers on the metal zirconium film after the process 
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which forms the metal zirconium film, and carrying out the process which forms a lower 
electrode on the metal membrane continuously. 

[Claim 22] The manufacture approach according to claim 21 that the metal membranes for 
adhesion layers are titanium, a tantalum, aluminum, tin, the film that consist of iridium, or those 
mixture film. % 

[Claim 23] The manufacture approach given in any 1 term of claims 20-22 whose heat treatment 
temperature is 650-850 degrees C. 

[Claim 24] The actuator containing the single crystal silicon substrate which has a breakthrough, 
the zirconium dioxide film which contacts a silicon substrate front face directly, or contacts the 
oxidization silicon layer of the silicon substrate front face directly so that one opening of the 
breakthrough of the silicon substrate may be covered, the lower electrode on the zirconium 
dioxide film, the piezo electric crystal film on the lower electrode, and the up electrode on the 
piezo electric crystal film. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the printer head for ink jet record, or its 
manufacture approach. The head by this invention can be arranged and used for an ink jet 
recording device. 

[0002] A means to pressurize the ink interior of a room, using a piezo electric crystal component 
as a means to give regurgitation energy to the ink contained by the ink interior of a room of the 
printer head for ink jet record, or a means to heat the ink of the ink interior of a room using a 
heater is common. This invention relates to the printer head for ink jet record which has among 
this a means to pressurize the ink interior of a room using a piezo electric crystal component. 
[0003] 

[Description of the Prior Art] As a conventional technique of using a zirconium dioxide for piezo- 
electricity / electrostriction membrane type component, the thinning of some zirconium dioxide 
substrates as a ceramic substrate is carried out to JP,6-204580,A, and the piezo-electricity / 
electrostriction membrane type component which is the film forming method and formed piezo- 
electricity / electrostriction actuation section in the upper part are indicated, for example, the 
zirconium dioxide which is the substrate of this component contains at least one compound in 
yttrium oxide, cerium oxide, a magnesium oxide, or a calcium oxide — a crystal phase — full 
stabilization — or partial stabilization was carried out. Moreover, in order to use a ceramic 
substrate, the dimension and thickness of a thin-walled part were comparatively big. 
[0004] The printer head for ink jet record which has the laminated structure of the metal filter 
layer which becomes a U.S. Pat. No. 5,265,315 description from platinum (Pt) or nickel (nickel) at 
the thin-walled part on a single crystal silicon substrate, the aluminum oxide film, a lower 
electrode, the two-component system PZT (PZT) film, and an up electrode as a conventional 
technique using single crystal silicon as a substrate, for example is indicated. With this printer 
head for ink jet record, since the two-component system PZT was used, heat treatment 
temperature was 600 degrees C - about 650 degrees C. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in the printer head for ink jet record by said 
conventional technique, a technical problem as shown below occurs, for example. 
[0006] The ceramic substrate is used with piezo-electricity / electrostriction membrane type 
component given [ said ] in JP,6-204580,A. When forming the printer head for ink jet record 
using this piezo-electricity / electrostriction membrane type component, it was difficult to make 
small the dimension and thickness of the thin-walled part formed from a ceramic substrate. In 
fact, in a component given [ said ] in a open official report, the dimension of a thin-walled part is 
10 micrometers in 0.8mmx3mm and thickness. The dimension of this thin-walled part turns into 
an ink room dimension of the printer head for ink jet record as it is. In order to carry out 
densification of the nozzle of the printer head for ink jet record to 180dpi extent and to perform 
ink injection actuation, it is required to make the dimension of a thin-walled part into 
0.1mmx4mm and the thickness of about 1 micrometer. Therefore, such detailed structure cannot 
be formed from a component given [ said ] in a open official report. Furthermore, since the 
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ceramic, substrate is expensive, it will become expensive if the printer head for ink jet record is 
manufactured from a component given [ said ] in a open official report. 

[0007] Moreover, with the printer head for ink jet record given in said U.S. Pat. No. 5,265,315 
description, the piezo electric crystal film consisted of the two-component system PZT, and 
since the piezo-electric property was not enough, the product which has a satisfactory ink 
injection property was not able to be obtained. In order to raise such a piezo-electric property 
further, it is desirable to use 3 component system PZT which contained more than 5 mol % for 
the 3rd component, but in order for a piezo electric crystal thin film to realize a property 
comparable as PZT of the bulk ceramics, the burning temperature of PZT must be raised to 800 
degrees C or more. However, with the configuration indicated by said United States Patent 
specification, if elevated-temperature heat treatment is performed, a crack will arise in the 
diaphragm section. 

[0008] this invention person can make the dimension and thickness of a thin-walled part small 
for the purpose of solving the aforementioned technical problem, and is cheap. And the result 
wholeheartedly studied in order to develop the printer head for ink jet record excellent in the 
endurance which a crack does not produce in the diaphragm section etc., even when high 
temperature processing is carried out using 3 component system PZT, In case the printer head 
for ink jet record is manufactured using a single crystal silicon substrate, by preparing the 
zirconium dioxide film or the metal zirconium film between a single crystal silicon substrate and a 
lower electrode In heat treatment carried out by the production process of said head, from an 
elevated temperature, are in ordinary temperature and/or the stress in which a load is carried 
out to said single crystal silicon substrate by the difference in in the volume change of a single 
crystal silicon substrate and the volume change of a lower electrode (and piezo electric crystal 
film) accompanying the temperature change to an elevated temperature [ ordinary temperature ] 
It found out that it could decrease by the cubical expansion by crystal phase transition of said 
zirconium dioxide film, or the cubical expansion by the oxidation to a zirconium dioxide from a 
zirconium. And also in itself [ structure ], it is new, and the printer head for ink jet record 
obtained in this way was good, the adhesion with the zirconium dioxide film, a single crystal 
silicon substrate, and a lower electrode could support the piezo electric crystal film which has a 
piezo-electric high property, and its head actuation endurance also improved. 
[0009] This invention is based on such knowledge. 
[0010] 

[Means for Solving the Problem] This invention relates to the printer head for ink jet record 
containing the single crystal silicon substrate which has a breakthrough, the zirconium dioxide 
film which contacts a silicon substrate front face directly, or contacts the oxidization silicon 
layer of the silicon substrate front face directly so that one opening of the breakthrough of the 
silicon substrate may be covered, the lower electrode on the zirconium dioxide film, the piezo 
electric crystal film on the lower electrode, and the up electrode on the piezo electric crystal 
film. 

[0011] Moreover, the single crystal silicon substrate with which this invention has a breakthrough 
and zirconium dioxide film which contacts directly on a silicon substrate or contacts directly on 
the oxidization silicon layer of the silicon substrate front face so that one opening of the 
breakthrough may be covered, The lower electrode on the zirconium dioxide film, and the piezo 
- electric crystal film on the lower electrode, It is the manufacture approach of the printer head 
for ink jet record containing the up electrode on the piezo electric crystal film. The stress in 
which a load is carried out to said single crystal silicon substrate by the difference with the 
volume change of the volume change of the single crystal silicon substrate accompanying the 
temperature change from the elevated temperature in a production process to ordinary 
temperature, a lower electrode, and the piezo electric crystal film It is related also with the 
manufacture approach of the printer head for ink jet record characterized by decreasing by the 
cubical expansion by crystal phase transition of said zirconium dioxide film, or the cubical 
expansion by the oxidization to a zirconium dioxide from a zirconium 
[0012] 

[Embodiment of the Invention] or it uses the cubical expansion by the crystal phase transition of 
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the zirconium dioxide film established between (1) single-crystal silicon substrate and the lower 
electrode in the manufacture approach of the printer head for ink jet record by this invention — 
(2) — the cubical expansion by the oxidation to a zirconium dioxide from the zirconium of the 
metal zirconium film similarly prepared between the single crystal silicon substrate and the lower 
electrode can be used. [ and/or, ] 

[0013] First, how to use the cubical expansion by crystal phase transition of the above (1) is 
accompanied and explained to an accompanying drawing. 

[0014] DrawingJ, shows typically one embodiment of the printer head for ink jet record by this 
invention, drawing_j (a) is the outline perspective view of the printer head for ink jet record of 
this invention, and drawing 1 (b) is the A-A' line cross-section enlarged drawing of drawing 1 (a). 
[0015] The printer head for ink jet record of this invention shown in drawing 1 single crystal 
silicon substrate 101; which has two or more ink rooms 102 — zirconium dioxide film 103; which 
formed the base of the ink room 102 and was formed on the single crystal silicon substrate 101 
— with the lower electrode 104 formed on said zirconium dioxide film 103 The nozzle plate 107 
which forms piezo electric crystal component; and the nozzle 108 which consist of piezo electric 
crystal film 105 formed on said lower electrode 104 and an up electrode 106 formed on said 
piezo electric crystal film 105 is joined, and it is constituted. 
[0016] The ink room 102 and the nozzle 108 are arranged in the same pitch. 
[0017] If actuation of this printer head for ink jet record is explained briefly, the volume of the 
ink room 102 can be decreased and the ink which it is full of in the ink room 102 can be made to 
inject from a nozzle 108 by impressing an electrical potential difference between the lower 
electrode 104 and the up electrode 106, and making the piezo electric crystal component which 
consists of the lower electrode 104, piezo electric crystal film 105, and an up electrode 106, and 
the zirconium dioxide film 103 transform. 

[0018] Dj^wingJ? is the sectional view showing the typical method of manufacturing the printer 
head for ink jet record of this invention in order of a process [(a) - (c)] using the cubical 
expansion by the aforementioned crystal phase transition as a production process until it forms 
a piezo electric crystal component and the ink room 102 in the single crystal silicon substrate 
101. In addition, in this sectional view, a direction vertical to space turns into the depth direction 
of an ink room. 

[0019] First, wet thermal oxidation of the single crystal silicon substrate 101 which has field 
bearing (110) is carried out at 1000-1200 degrees C, and the silicon dioxide film 201,202 is 
simultaneously formed in both sides of a substrate 101. The silicon dioxide film can also be 
formed by CVD (chemical-vapor-deposition method). Although especially the thickness of the 
silicon dioxide film 201,202 is not limited, it is 2000-1 0000A preferably. In addition, when over 
etching is taken into consideration, as for the silicon dioxide film 201 which acts as an etching 
halt layer, it is desirable to have- the thickness of 2000A or more. Moreover, although the 
desirable thickness of the silicon dioxide film 202 which acts as an etching mask changes with 
the thickness of a silicon substrate, it is desirable that it is 6000-1 0000A. In addition, after 
removing the silicon dioxide film 201 which formed the after-mentioned zirconium dioxide film 
103 directly, or was once formed on the single crystal silicon substrate 101 by etching etc., 
without oxidizing the single crystal silicon substrate 101, the after-mentioned zirconium dioxide 
film 103 can also be directly formed on the single crystal silicon substrate 101. 
- [0020] Next, a photoresist is formed in the silicon dioxide film 202, opening is prepared, 
patterning of the silicon dioxide film 202 is carried out with an etching reagent (for example, 
water solution of fluoric acid and ammonium fluoride), and opening 203 is formed. Here, it is 
[0021] of the single crystal silicon substrate 101 in the depth direction of opening 203, i.e., a 
direction vertical to space. 
[External Character 1] 
< lT2 >X(±< 1 1 2 > 

<EMI ID=000003 HE=005 WI=037 LX=0415 LY=1300> [0022] It arranges so that it may become a 
direction. After exfoliating a photoresist, the zirconium dioxide film 103 is formed in the silicon 
dioxide film 201 side by the thin film forming method, although especially the thickness of the 
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zirconium dioxide film 103 is not limited — desirable — It is 0.1-2 micrometers. In addition, the 
upper limit of the thickness of the zirconium dioxide film 103 is decided by the upper limit of the 
residual stress after heat treatment immediately after zirconium dioxide film 103 formation, and 
tKe minimum is decided by the upper limit of the residual stress after heat treatment of the 
piezo electric crystal film. 

[0023] In addition, although it will not be limited especially if the "thin film forming method" is 
the thin film forming method currently generally used to manufacture of electronics devices, 
such as a printer head for ink jet record, in this description, specifically, a spatter, a sol gel 
process, a CVD method, vacuum deposition, and a hydrothermal method can be mentioned. 
[0024] As for the aforementioned zirconium dioxide film 103, it is desirable to form by the RF- 
sputtering method using the sintered compact sputtering target of a zirconium dioxide. Then, the 
ambient atmosphere (especially inside of air) containing oxygen performs heat treatment of for 
[ 30 minutes ] - 2 hours at 1050-1200 degrees C. If the curvature of the substrate which 
supported the zirconium dioxide film with the room temperature is measured and residual stress 
is calculated, a single crystal silicon substrate will receive an about two 0.5 - 3x10-8 N/m small 
tensile stress from the zirconium dioxide film. 

[0025] In order to form the zirconium dioxide film, the metal zirconium target other than the 
spatter which uses a zirconium dioxide sintered compact target can be used, a spatter can be 
carried out in an oxygen ambient atmosphere, the zirconium dioxide film can also be formed, and 
the zirconium dioxide film can also be further formed with a sol gel process or a CVD method. 
[0026] The zirconium dioxide film 103 is not contained substantially, but constitutes a stabilizing 
agent from an unstable zirconium dioxide, and it is made for the crystal structure in a room 
temperature to serve as monoclinic system here. A zirconium dioxide will be stabilized, if it 
dissolves and a stabilizing agent, for example, a magnesium oxide, a calcium oxide, yttrium oxide, 
or cerium oxide is included in the amount beyond 1 mol %. By this invention approach of using 
the cubical expansion by the aforementioned crystal phase transition, the so-called stabilization 
or a partial stabilization zirconium dioxide is not used, but the so-called astable-ized zirconium 
dioxide (zirconia) is used. 

[0027] Next, the laminating of the lower electrode 104 and the piezo electric crystal film 105 is 
carried out by the thin film forming method on the zirconium dioxide film 103. In this way, the 
cross section of the layered product obtained is shown in drawing 2 (a). 

[0028] The lower electrode 104 is deficient in reactivity to the heat treatment temperature of 
the piezo electric crystal (for example, PZT) which will not be limited especially if it is the 
ingredient currently generally used as an electrode, especially a lower electrode in manufacture 
of electronics devices, such as a printer head for ink jet record, but is formed on a lower 
electrode, it is desirable that it is a stable refractory metal, and, specifically, it is desirable to 
consist of an ingredient which uses either platinum or palladium as a principal component. Here, 
it means that the content of platinum or palladium is 80 % of the weight or more preferably 50% 
of the weight or more with "it considers as a principal component." Although especially the 
thickness of a lower electrode is not limited, it is 1 000-1 0000A preferably. It is desirable that it 
is 1000A or more from a viewpoint of wiring resistance, and since the thickness of a lower 
electrode may require stress too much when 10000A is exceeded, it is not desirable. 
[0029] Although not shown in drawing 2 , it is desirable to form the metal membranes which 
consist of titanium, a tantalum, aluminum, tin, or iridium as an object for adhesion layers, or those 
mixture film by the thin film forming method between the zirconium dioxide film 103 and the 
lower electrode 104, and to raise the adhesion of the zirconium dioxide film 103 and the lower 
electrode 104 by the case. Although especially the thickness of the metal membrane for 
adhesion layers is not limited, it is 50-1 000A preferably. 

[0030] The titanium film for adhesion layers and the platinum layer as a lower electrode 104 can 
form two-layer continuously by the DC-sputtering method. 

[0031] Furthermore, the laminating of the piezo electric crystal film 105 is carried out on the 
lower electrode 104. According to the thin film forming method which formed the precursor film 
by the various thin film forming methods, then was used first, crystallization temperature and the 
processing time can be chosen suitably, it can heat-treat and crystallize, and the piezo electric 
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crystal film can change a precursor into a piezo electric crystal. 

[0032] For example, when the precursor film is formed by the spatter, various kinds of heat 
treatments are carried out according to the presentation of the precursor film etc. For example, 
the rapid heating method mainly using the lamp annealer (for example, at 500-700 degrees C 
^ with the 1 st heat treatment for crystallization for 1 - 5 minutes) The 2nd heat treatment for the 
improvement in a property for 1 - 5 minutes should put together at 650-900 degrees C. Or the 
heat-treating method by the diffusion furnace usually used for manufacture of a semi-conductor 
which is not especially rapid (for example, with the 1st heat treatment for crystallization of 500- 
700-degree C 10 minutes - 3 hours) A precursor is convertible for a piezo electric crystal with 
the combination of the 2nd heat treatment for the improvement in a property of 650-900-degree 
C 10 minutes - 3 hours. 

[0033] Although heat treatment conditions are changed with the raw material presentation of a 
sol when the precursor film is formed with a sol gel process, generally the rapid heating method 
(for example, the 1st heat treatment for the seed crystal generation for 1 - 5 minutes and the 
2nd heat treatment for the crystal growth for 1 - 5 minutes and the improvement in a property 
at 650-950 degrees C should put together at 500-700 degrees C) using a lamp annealer can be 
used. In addition, in the case of a hydrothermal method, the piezo electric crystal film is obtained 
at the time of film formation. 

[0034] Although especially the piezo electric crystal that can be used is not limited, in that the 
piezo electric crystal which has high piezoelectric one is obtained 3 component system PZT 
(PZT) — desirable — general formula (1)-b1+x[(Zr) a(Ti) b(BdB'e)c] 03+x [ for example, ] (B and 
B' among a formula) The combination of a divalent metallic ion and pentavalent metal ion, the 
combination of a divalent metallic ion and hexavalent metal ion, Or it is the combination of a 
trivalent metallic ion and pentavalent metal ion, and x, and a, b, c, d and e are following relation:0 
<=x <=0.3, 0.25<=a<=0.55, 0.35<=b<=0.55, and 0.05<=c<=0.04. In the case of the combination of a 
divalent metallic ion and pentavalent metal ion, B and B' [ whether it is 0.3K d<0.35 0.63< e<0.7, 
and 0.94<d+e<1.05 and ] B and B' Or the combination of a trivalent metallic ion and pentavalent 
metal ion, or the case of the combination of a divalent metallic ion and hexavalent metal ion - 
- 0.47<d<0. — 53 and 0.47 — < — e< 0.53 and 0.94<d+e<1.06 — it is — 3 component system 
PZT (PZT) expressed is desirable. In the aforementioned general formula (1) divalent metallic ion 
B They are magnesium (Mg), cobalt (Co), zinc (Zn), cadmium (Cd), manganese (Mn), or nickel 
(nickel). For example, trivalent metallic ion B For example, an yttrium (Y), iron (Fe), a scandium 
(Sc), They are an ytterbium (Yb), a lutetium (Lu), an indium (In), or chromium (Cr). Pentavalent 
metal ion B' For example, it is niobium (Nb), a tantalum (Ta), or antimony (Sb), and hexavalent 
metal ion B' is a tungsten (W) or a tellurium (Te). Furthermore, in order to raise the ink injection 
property of the printer head for ink jet record, more than 5 mol % and more desirable 3 
component system PZT with high 5-40 mol % implication and piezo-electric distortion constant 
are preferably used for B and B' in the 3rd component (1), i.e., said general formula, the 3rd 
component mentioned above — more than 5 mol % — in the case of included 3 component 
system PZT, the piezo electric crystal which has piezoelectric [ higher ] is obtained by making 
heat treatment temperature (crystal growth and 1, or the improvement in **** sake) in the 
inside of the above-mentioned oxygen ambient atmosphere into 700 degrees C - 900 degrees C. 
Moreover, it is more desirable if it is 800 degrees C or more. 
* £0035] Although especially the thickness of the piezo electric crystal film 105 is not limited, it is 
0.5-5 micrometers preferably. In addition, when the metal membrane is formed as an object for 
adhesion layers between the zirconium dioxide film 103 and the lower electrode 104, said metal 
also oxidizes simultaneously in the case of heat-treatment of a piezo electric crystal precursor. 
[0036] Next, after carrying out the piezo electric crystal film 105 with the etching reagent (for 
example, hoe fluoric acid water solution) and carrying out pattern etching of the lower electrode 
104 with an etching reagent (for example, aqua-regia water solution), the up electrode 106 is 
formed by the thin film forming method on the piezo electric crystal film 105. 
[0037] Although the up electrode 106 will not be limited especially if it is an ingredient currently 
generally used as an electrode, especially an up electrode in manufacture of electronics devices, 
such as a printer head for ink jet record, specifically, consisting of gold, platinum, or aluminum is 
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desirable. Although especially the thickness of an up electrode is not limited, it is 500-5000A 
preferably. 

[0038] Although not shown in drawing 2 , it is desirable to form for example, a titanium layer by 
the thin film forming method as-gn object for adhesion layers between the piezo electric crystal 
film 105 and the up electrode 106, and to raise the adhesion of the piezo electric crystal film 105 
and the up electrode 1 06 by the case. Although especially the thickness of the metal membrane 
for adhesion layers is not limited, it is 50-300A preferably. Since after up electrode formation 
does not need high temperature processing but sufficient adhesion force is acquired, it is not 
necessary to oxidize said especially titanium layer. 

[0039] The metal membrane for adhesion layers and the up electrode 106 are formed in order by 
the sputtering method, and pattern etching is continuously carried out with an etching reagent 
(for example, water solution containing iodine and potassium iodide). After forming the up 
electrode 106 on the piezo electric crystal film 105, the structure of the layered product 
obtained by carrying out pattern etching is shown in drawing 2 (b). Moreover, the same layered 
product can be obtained also by the ion milling method using inert gas. 

[0040] Then, as shown in drawing 2 (c), after forming the photosensitive monomer layer for for 
example, polyimide formation in the thickness of 0.3-5 micrometers and removing the protective 
coat on the up electrode 106 by development as a protective coat 204 of the piezo electric 
crystal film 105, it heat-treats at 300-450 degrees C, and considers as a polyimide layer. 
[0041] Next, using the fixture which an etching reagent cannot be contacted [ fixture ] but can 
contact only the field by the side of the silicon substrate of an opposite hand to an etching 
reagent, the field by the side of the piezo electric crystal component in which the protective 
coat 204 was formed is immersed in a 70-90-degree C anisotropy etching reagent (for example, 
10 - 40% potassium-hydroxide water solution), performs anisotropic etching of the single crystal 
silicon substrate 101 from the opening 203 of the silicon dioxide film 202, and forms the ink room 
102. At this time, field bearing of the single crystal silicon substrate 101 is (110), and the depth 
direction of opening 203 is [0042] further. 
[External Character 2] 

< lT2>X<*<Tl 2> 

[0043] Since it arranges so that it may become a direction, the field of the side attachment wall 
which forms the side of the depth direction of the ink room 102 can be made into a field (111). 
[0044] Since the ratio of the etch rate of the field (110) of single crystal silicon and a field (111) 
becomes about 300:1 and the slot of the depth with a thickness [ of the single crystal silicon 
substrate 101 ] of 250 micrometers can be held down to about side etching 1 micrometer when a 
potassium-hydroxide water solution is used as an anisotropy etching reagent, the ink room 102 
can be formed in high degree of accuracy. Then, etching clearance of the outcrop of the silicon 
dioxide film 202,201 is carried out with an etching reagent (for example, water solution of fluoric 
acid and ammonium fluoride), fixing the single crystal silicon substrate 101 to said fixture. 
[0045] in this etching processing, the zirconium dioxide film 103 is excellent as an etching halt 
layer of the silicon dioxide film 201 at the time of ink room 102 formation, compared with the 
case where there is no zirconium dioxide film 103, can be boiled markedly and can improve the 
manufacture yield. 

[0046] Furthermore, rather than the zirconium dioxide stabilized with magnesium oxide or an 
oxidization yttrium, Young's modulus becomes high and the injection property of an astableHzed 
zirconium dioxide of ink also improves. 

[0047] It is known that a pure zirconium dioxide (zirconia) will change the crystal structure 
according to a temperature change. That is, by ordinary temperature to about 1 000 degrees C 
temperature requirement, it becomes cubic system from monoclinic system (it is also called 
hexagonal system) and the temperature beyond it in temperature requirement about 1 900 
degrees C or less in the temperature requirement below [ tetragonal system and the 
temperature beyond it to ] about 2700 degrees C (melting point). Therefore, crystal system 
changes to monoclinic system and tetragonal system before and behind the heat-treatment after 
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the zirconium dioxide film formation in this invention approach (1050-1200 degrees C), for 
example, the formation process of an adhesion layer or a lower electrode. 
[0048] Moreover, when the zirconium dioxide of tetragonal system carries out heat treatment 
which makes temperature go up and down by the volume becoming small about 3% on both sides 
of the transition temperature of monoclinic system/tetragonal system rather than the zirconium 
dioxide of monoclinic system, in order that a volume change may show a hysteresis to heat 
treatment temperature, it is already known that distortion will go into a zirconium dioxide crystal. 
That is, if a heat cycle from which the crystal structure changes to the zirconium dioxide of the 
bulk ceramics is given, the crack accompanying a volumetric shrinkage occurs and an usable 
product cannot be obtained. For this reason, with the bulk ceramics, generally, the fully stabilized 
zirconia which a magnesium oxide, a calcium oxide, yttrium oxide, or cerium oxide is made to 
dissolve in the one-mol % of amount of % - 30 mols, and has cubic system also at a room 
temperature is used so that it may always exist as cubic system of a high temperature form. 
[0049] However, since the cubical-expansion energy of a zirconium dioxide can be absorbed like 
this invention when a silicon substrate curves when the thin film-like zirconium dioxide film is 
formed on a single crystal silicon substrate, generating of the crack of the zirconium dioxide film 
can be prevented. That is, in case an unstable zirconium dioxide carries out temperature fall 
cooling from a stable condition thermally [ the tetragonal system of 1000 degrees C or more ], a 
lifting and the volume expand crystal phase transition to monoclinic system. Therefore, a single 
crystal silicon substrate receives tensile stress from the zirconium dioxide film. On the other 
hand, since it is not accompanied by crystal phase transition when fully stabilized zirconia is 
cooled from an elevated temperature 1000 degrees C or more, a single crystal silicon substrate 
receives strong compressive stress only depending on coefficient of thermal expansion 
(coefficient of thermal expansion of fully stabilized zirconia is larger than silicon). In the process 
which forms a piezo electric crystal thin film, in order to crystallize the piezo electric crystal film 
and to acquire a piezo-electric high property, heat treatment of 800 degrees C or more is 
indispensable, but since it is large compared with a single crystal silicon substrate, when the 
coefficient of thermal expansion of a lower electrode and the piezo electric crystal film uses a 
fully-stabilized-zirconia layer, it does not use and it cools from an elevated temperature, a single 
crystal silicon substrate receives strong compressive stress. 

[0050] By using the aforementioned principle and making the so-called unstable zirconium 
dioxide film intervene between a single crystal silicon substrate and a lower electrode, this 
invention can reduce the residual stress concerning the single crystal silicon substrate after 
piezo electric crystal component formation, and the zirconium dioxide film moreover formed into 
a product can be used for it as a diaphragm ingredient. 

[0051] Generally, in the production process of the printer head for ink jet record, since various 
kinds of heat treatments are carried out as mentioned above, stress strong among both is 
applied according to the difference in the coefficient of thermal expansion of a silicon substrate 
and the whole (an up electrode, the piezo electric crystal film, and lower electrode diaphragm) 
membrane structure etc. If a silicon substrate is shaved by etching at the time of ink room 
formation when the residual stress in the whole membrane structure is large, stress change of 
the diaphragm section will be large and destruction will occur in the diaphragm section. However, 
in this invention, since there is little residual stress in the whole membrane structure, the defect 
by the stress destruction in the diaphragm section (zirconium dioxide film) can be prevented also 
at the time of ink room formation. 

[0052] Furthermore, generally, in the printer head for ink jet record, in order to vibrate the 
diaphragm section at the time of ink injection, stress change occurs in the diaphragm section. 
Under the present circumstances, if high residual stress exists in the diaphragm section, that 
residual stress and stress at the time of ink injection may exceed a membranous breaking stress 
limitation, and the endurance as a printer head will fall. However, with the printer head for ink jet 
record of this invention, since there is little aforementioned residual stress, the endurance over 
displacement actuation of an actuator including the zirconium dioxide film can be improved by 
leaps and bounds. 

[0053] The printer head for ink jet record of this invention As mentioned above, although it can 
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also manufacture by heat-treating at an elevated temperature (preferably 1 050 degrees C or 
more, more preferably 1 1 50 degrees C or more) from the temperature which the crystal 
structure of said zirconium dioxide film transfers to tetragonal system from monoclinic system 
after forming the zirconium dioxide film In the process which forms the metal zirconium film, and 
the ambient atmosphere containing oxygen so that it may mention later It oxidizes at an elevated 
temperature (preferably 1050 degrees C or more, more preferably 1150 degrees C or more) from 
the temperature which the crystal structure of said zirconium dioxide film transfers to tetragonal 
system from monoclinic system. It can also manufacture by carrying out the process which 
changes said metal zirconium film into said zirconium dioxide film. Since the zirconium dioxide 
film is formed of oxidation reaction in the case of the latter, while being able to obtain the 
precise film with few pinholes, in addition to the cubical expansion by the aforementioned crystal 
layer transition, in a production process, the cubical expansion from a metal zirconium to a 
zirconium dioxide can also be used. 

[0054] In this way, the printer head for ink jet record by obtained this invention The single 
crystal silicon substrate which has a breakthrough; so that one opening of the breakthrough of 
the silicon substrate may be covered Zirconium dioxide film which contacts a silicon substrate 
front face directly, or contacts the silicon dioxide layer of the silicon substrate front face 
directly (desirable thickness = 0.1-2 micrometers); by the lower electrode (desirable thickness = 
1 000-1 0000A); case on the zirconium dioxide film The adhesion layer between said zirconium 
dioxide film and said lower electrodes (Desirable thickness = 0-1000A); — piezo electric crystal 
film [ on said lower electrode ] (desirable thickness = 0.5-5 micrometers); — up electrode [ on 
the piezo electric crystal film ] (desirable thickness = 500— 5000A); — by the case It consists of 
an adhesion layer between said piezo electric crystal film and said up electrodes (desirable 
thickness = 0-300A), and the crystal structure of said zirconium dioxide film is monoclinic 
system in ordinary temperature. The aforementioned comparatively thick monoclinic-system 
zirconium dioxide film acts as a diaphragm. 

[0055] Moreover, in said printer head for ink jet record by this invention, it is more desirable than 
the thickness of said lower electrode that the thickness of said monoclinic-system zirconium 
dioxide film is thicker. Namely, the residual stress of the single crystal silicon substrate before 
ink room formation, the manufacture yield of a diaphragm, and the endurance of head actuation 
improve that the ratio (thickness of the thickness / lower electrode of the monoclinic-system 
zirconium dioxide film) of both thickness is one (especially 1-10) or more for the same reason as 
the above. 

[0056] Furthermore, in said printer head for ink jet record by this invention, it is desirable that 
the diameter of average crystal grain of the zirconium dioxide which constitutes said monoclinic- 
system zirconium dioxide film is 500-3000A. If the diameter of average crystal grain is within the 
limits of the above, the endurance of head actuation will improve. In addition, the diameter of 
average crystal grain can be suitably adjusted by changing heat treatment temperature, heat 
treatment time amount, the controlled atmosphere at the time of heat treatment, etc. 
[0057] Next, in manufacture of the printer head for ink jet record by this invention, how to use 
the cubical expansion by the oxidation to a zirconium dioxide from the zirconium of the metal 
zirconium film prepared between the single crystal silicon substrate and the lower electrode is 
accompanied and explained to an accompanying drawing. 
* [0058] Drawing 3 shows typically one embodiment of the printer head for ink jet record by this 
invention, drawing 3 (a) is the outline perspective view of the printer head for ink jet record of 
this invention, and drawing 3 (b) is the A-A ? line cross-section enlarged drawing of dra wing 3 (a). 
[0059] The printer head for ink jet record of this invention shown in drawing 3 Silicon dioxide film 
201 formed on the single crystal silicon substrate 101; single crystal silicon substrate 101 which 
has two or more ink rooms 102; The base of said ink room 102 is formed. Zirconium dioxide film 
103 formed on the silicon dioxide film 201; The lower electrode 104 formed on said zirconium 
dioxide film 103, The nozzle plate 107 which forms piezo electric crystal component; and the 
nozzle 108 which consist of piezo electric crystal film 105 formed on said lower electrode 104 
and an up electrode 106 formed on said piezo electric crystal film 105 is joined, and it is 
constituted. The ink room 102 and the nozzle 108 are arranged in the same pitch. 
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[0060] If actuation of this printer head for ink jet record is explained briefly, the volume of the 
ink room 102 can be decreased and the ink which it is full of in the ink room 102 can be made to 
inject from a nozzle 108 by impressing an electrical potential difference between the lower 
electrode 104 and the up electrodjj 106, and making the piezo electric crystal component which 
consists of the lower electrode 104, piezo electric crystal film 105, and an up electrode 106, and 
the zirconium dioxide film 103 transform. 

[0061] Drawing 4 is the sectional view showing the typical method of manufacturing the printer 
head for ink jet record of this invention in order of a process [(a) - (c)] using the cubical 
expansion by the oxidization to a zirconium dioxide from a zirconium as a production process 
until it forms a piezo electric crystal component and the ink room 102 in the single crystal silicon 
substrate 101. In addition, in this sectional view, a direction vertical to space turns into the 
depth direction of an ink room. First, like the aforementioned approach, wet thermal oxidation of 
the single crystal silicon substrate 101 which has field bearing (110) is carried out at 1000-1200 
degrees C, or the silicon dioxide film 201,202 is formed in both sides of a substrate 101 by CVD. 
Although especially the thickness of the silicon dioxide film 201,202 is not limited, it is 4000- 
10000A preferably like the above. After removing the silicon dioxide film 201 which formed the 
after-mentioned metal zirconium film 103 directly, or was once formed on the single crystal 
silicon substrate 101 by etching etc., without oxidizing the single crystal silicon substrate 101, 
the after-mentioned zirconium dioxide film 103 can also be directly formed on the single crystal 
silicon substrate 101. And a photoresist is formed in silicon dioxide film 201,202 both sides 
according to the usual FOTORISO process, and a desired pattern is formed in the photoresist on 
the silicon dioxide film 202. 

[0062] The obtained substrate is immersed in an etching reagent (for example, water solution 
containing fluoric acid and ammonium fluoride), pattern etching of the silicon dioxide film 202 is 
carried out, and opening 203 is formed. At this time, it is [0063] of the single crystal silicon 
substrate 101 in the depth direction of opening 203, i.e., a direction vertical to space. 
[External Character 3] 
< lT2 >Xii<Tl 2 > 

[0064] It arranges so that it may become a direction. 

[0065] After immersing the obtained substrate in 80-90-degree C exfoliation liquid (for example, 
sulfuric acid) and exfoliating a photoresist, the metal zirconium film 103 is formed in the silicon 
dioxide film 201 side by the thin film forming method, especially the direct-current spatter. It is 
not limited as long as the cubical expansion by changing the thickness of the metal zirconium 
film into a zirconium dioxide from a metal zirconium suits the object of this invention. The 
aforementioned thickness is not limited when carrying out the oxidation process from a metal 
zirconium to a zirconium dioxide before piezo electric crystal film formation especially. On the 
other hand, when not carrying out an acid chemically-modified [ from a metal zirconium to a 
zirconium dioxide ] degree until it carries out the conversion process from a piezo electric 
crystal precursor to a piezo electric crystal, as for the thickness of the metal zirconium film, it is 
desirable that they are about 50 - 300A of abbreviation. Hereafter, this invention approach is 
explained in accordance with the case of the latter. 

[0066] After formation of the metal zirconium film 103, the lower electrode 104 is formed by the 
-thin film forming method, especially the direct-current spatter. Although especially the thickness 
of a lower electrode is not limited, it is desirable that it is 0.2-2 micrometers. 
[0067] Although not shown in drawin g 4 , in order to improve the adhesion of the zirconium 
dioxide film 103 and the lower electrode 104 which are formed of the oxidization from the metal 
zirconium film by the case, the same metal membrane for adhesion layers as the above can be 
inserted by the thin film forming method between the metal zirconium film 103 and the lower 
electrode 104. 

[0068] Next, the laminating of the piezo electric crystal precursor film is carried out on the lower 
electrode 104. Like the above, by the thin film forming method, this precursor film forms 
membranes, according to the used thin film forming method, can be heat-treated by the ability 
adjusting crystallization temperature and the processing time suitably, and can be changed into 
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the piezo electric crystal film 105 from the precursor film. 

[0069] On the other hand, in this heat treatment, the metal zirconium film 103 oxidizes, turns 
into the zirconium dioxide film 103, and also doubles that thickness mostly. If the same heat 
treatment as the above is carried out without making the metal zirconium film 103 exist, the 
lower electrode 104 will exfoliate from the silicon dioxide film 201 during this heat treatment 
moreover, the lead diffused from PZT when for example, the titanium metal film was used for the 
change of the metal zirconium film 103, the same heat treatment as the above was carried out 
and PZT was used as a piezo electric crystal — the silicon dioxide film 201 — fusing — too — 
some lower electrodes — exfoliation arises to a field. Therefore, the zirconium dioxide film 103 is 
acting also as lead diffusion prevention film while acting as an adhesion layer of the lower 
electrode 104 and the silicon dioxide film 201. In addition, when the metal membrane for adhesion 
layers is inserted between the metal zirconium film 103 and the lower electrode 104, in the 
aforementioned heat treatment, said metal membrane for adhesion layers also oxidizes. 
[0070] Next, the up electrode 106 is formed by the thin film forming method on the piezo electric 
crystal film 105. Although especially the thickness of the up electrode 106 is not limited, it is 
desirable that it is 500-5000A. 

[0071] Although not shown in drawing 4 , in order to improve the adhesion of the piezo electric 
crystal film 105 and the up electrode 106, the metal membrane for adhesion layers can be 
inserted between the piezo electric crystal film 105 and the up electrode 106 by the case. 
Especially this metal membrane for adhesion layers does not need to oxidize. 
[0072] Next, by using the usual FOTORISO process and the ion milling method using inert gas 
(for example, argon gas), one by one, the configuration of a request of the up electrode 106, the 
piezo electric crystal film 105, and the lower electrode layer 104 can be processed, and the 
layered product of the cross-section configuration shown in draw ing 4 (b) can be obtained. 
Moreover, the same layered product can be obtained also by pattern etching using an etching 
reagent. 

[0073] Then, as shown in drawing 4 (c), after forming the photosensitive monomer layer for for 
example, polyimide formation in the thickness of 0.3-5 micrometers and removing the protective 
coat on the up electrode 106 by development as a protective coat 204 of the piezo electric 
crystal film 105, it heat-treats at 300-450 degrees C, and considers as a polyimide layer. 
[0074] Subsequent actuation, conditions, etc. are the same as the actuation and the conditions 
which were indicated in the approach of using the cubical expansion by the aforementioned 
crystal phase transition, protect with a fixture the field by the side of the piezo electric crystal 
component in which the protective coat 204 was formed, are immersed in a potassium-hydroxide 
water solution, perform anisotropic etching of the single crystal silicon substrate 101 from the 
opening 203 of the silicon dioxide film 202, and form the ink room 102. Then, etching clearance of 
the outcrop of the silicon dioxide film 202,201 is carried out with an anisotropy etching reagent, 
fixing the single crystal silicon substrate 101 to said fixture. 

[0075] Since the zirconium dioxide film 103 formed by thermal oxidation of the metal zirconium 
film is precise, it excels as an etching halt layer of the silicon dioxide film 201 at the time of ink 
room 1 02 formation. 

[0076] In the aforementioned method of using the cubical expansion by the oxidation to a 
zirconium dioxide from a metal zirconium, a lower electrode, a piezo electric crystal, an up 
- electrode, and the ingredient used for formation of an adhesion layer can be the same as the 
ingredient used in the approach of using the cubical expansion by the aforementioned crystal 
phase transition, respectively. 

[0077] The reason which can mitigate the stress by which a load is carried out to said single 
crystal silicon substrate based on a difference with the volume change of the volume change of 
the single crystal silicon substrate accompanying heat treatment, a lower electrode, and the 
piezo electric crystal film by the aforementioned method of using the cubical expansion by the 
oxidation to a zirconium dioxide from a metal zirconium is as follows. That is, since a single 
crystal silicon substrate differs in a coefficient of thermal expansion from a lower electrode and 
the piezo electric crystal film when it heat-treats to the single crystal silicon substrate which 
supports a lower electrode and the piezo electric crystal film, in case extent of expansion of the 
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volume and contraction differs, for example, it is cooled from an elevated-temperature condition 
to a low-temperature condition, in a lower electrode, a crack will occur by the volumetric 
shrinkage in response to stress with a single crystal silicon substrate, a lower electrode, and the 
piezo electric crystal film strong against mutual. 

. [0078] However, in this invention approach, since the metal zirconium film is prepared between a 
single crystal silicon substrate and a lower electrode, a metal zirconium is simultaneously 
oxidized to a zirconium dioxide in the case of heat-treatment of the above and the volume is 
expanded, the stress produced by the volume change with a single crystal silicon substrate, a 
lower electrode, and the piezo electric crystal film can be offset And since compactness is high 
as compared with the zirconium dioxide film directly formed by the thin film forming method, the 
zirconium dioxide film formed into a product as a result of oxidization is further excellent also as 
an etching halt layer of a single crystal silicon substrate or the silicon dioxide film. 
[0079] The printer head for ink jet record by this invention obtained by this invention approach 
of carrying out simultaneously the conversion process from the piezo electric crystal precursor 
film to the piezo electric crystal film, and an acid chemically-modified [ from a metal zirconium to 
a zirconium dioxide ] degree single crystal silicon substrate; which has a breakthrough — one 
opening of the breakthrough of the silicon substrate — a wrap — zirconium dioxide film; which 
contacts a silicon substrate front face directly like, or contacts the silicon dioxide layer of the 
silicon substrate front face directly — by the lower electrode; case on the zirconium dioxide film 
adhesion layer [ between said zirconium dioxide film and said lower electrodes ]; — piezo 
electric crystal film [ on said lower electrode ]; — up electrode [ on the piezo electric crystal 
film ]; — by the case It consists of an adhesion layer between said piezo electric crystal film and 
said up electrodes, and 100-600A of thickness of said zirconium dioxide film is within the limits 
of 150-450A preferably. If the thickness of the zirconium dioxide film becomes less than 100A, 
the adhesion force of a lower electrode and the zirconium dioxide film will decline. If thickness 
exceeds 600A, it will become impossible to be equal to the cubical expansion at the time of 
oxidation, and exfoliation of a lower electrode will increase. If it becomes within the limits of 1 50- 
450A, the probability for exfoliation of a lower electrode to break out will decrease substantially. 
In addition, the zirconium dioxide film does not need to consist of unstable zirconium dioxides in 
this case. 

[0080] Although the thickness of a lower electrode is not limited as long as it is the thickness 
which can act as a diaphragm especially, it is 0.2-2 micrometers preferably. Although the 
thickness of the piezo electric crystal film is not limited, either, as long as the function can be 
demonstrated especially, it is 0.5-5 micrometers preferably. Although especially the thickness of 
an up electrode is not limited, it is 500-5000A preferably. 

[0081] Although the technique of this invention was explained about the case where it uses for 
the printer head for ink jet record, as above, generally the technique of this invention can also be 
used for an actuator. Therefore, this invention relates also to the actuator containing the single 
crystal silicon substrate which has a breakthrough, the zirconium dioxide film which contacts a 
silicon substrate front face directly, or contacts the oxidization silicon layer of the silicon 
substrate front face directly so that one opening of the breakthrough of the silicon substrate 
may be covered, the lower electrode on the zirconium dioxide film, the piezo electric crystal film 
on the lower electrode, and the up electrode on the piezo electric crystal film. The actuator by 
- this invention can be used for a microphone, the sounding body (for example, loudspeaker), 
various kinds of vibrator, a radiator, or a sensor other than the printer head for ink jet record 
[0082] 

[Example] Hereafter, although an example explains this invention concretely, these do not limit 
the range of this invention. 

[0083] The printer head for ink jet record by this invention was manufactured by the approach 
shown in <example 1> drawing 2 . The die length of 100 micrometers and the depth direction [a 
direction vertical to the space of drawing 2 ] of those was set to 4mm, array lay length [the 
longitudinal direction of the space of drawing 2 ] of the ink room 102 was set to 80 micrometers, 
and the die length of the array direction [the longitudinal direction of the space of drawing 2 R> 
2] of the piezo electric crystal film formed it on the ink room. The pitch of the array direction of 
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an ink room was set to 141 micrometers, and set resolution to 80dpi (dot par inch). 
[0084] Next, along with (a) - (c) of drawing 2 , a production process is explained concretely.. 
[0085] Wet thermal oxidation of the single crystal silicon substrate 101 which has field bearing 
(1 10) was carried out at 1200 degrees C, and the silicon dioxide film 201,202 with a thickness of 
8000A was simultaneously formed in both sides of a substrate 101. And the photoresist was 
formed in the silicon dioxide film 202, opening was prepared, patterning of the silicon dioxide film 

202 was carried out in the water solution containing fluoric acid and ammonium fluoride, and 
opening 203 was formed. At this time, it is [0086] of the single crystal silicon substrate 101 in 
the depth direction of opening 203, i.e., a direction vertical to space. 

[External Character 4] 
< 1 1 2 > 

[0087] It considered as the direction. After exfoliating a photoresist, the sintered compact 
sputtering target of a zirconium dioxide was used, and the zirconium dioxide film 103 of 1 
micrometer of thickness was formed in the silicon dioxide film 201 side by the RF-sputtering 
method. Then, heat treatment of 1 hour was carried out at 1 100 degrees C in air. When the 
curvature of a substrate with the zirconium dioxide film was measured and residual stress was 
calculated at this time, the single crystal silicon substrate 101 had received 2x10-8 N/m2 and 
small tensile stress from the zirconium dioxide film 103. in order that the zirconium dioxide film 
103 may make the crystal structure in a room temperature monoclinic system here — impurities, 
such as a magnesium oxide, a calcium oxide, yttrium oxide, or cerium oxide, — more than 1 mol % 

it considered as the so-called astable-ized zirconia which is not dissolving. 
[0088] Next, the laminating of the lower electrode 104 and the piezo electric crystal film 105 was 
carried out on the zirconium dioxide film 103, and the layered product which has the cross- 
section configuration shown in drawing 2 (a) was obtained. 

[0089] Actually, the titanium film was formed by 50A thickness as an adhesion layer between the 
zirconium dioxide film 103 and the lower electrode 104. The platinum as the titanium for adhesion 
layers and a lower electrode 104 formed two-layer continuously by the DC-sputtering method, 
and thickness could be 50A and 2000A, respectively. Furthermore, the piezo electric crystal film 
105 was made into 3 component system PZT of 2 micrometers of thickness [PbZr03-PbTi03- 
Pb(Mg1/3Nb 2/3) 03], and the RF spatter using the sintered compact sputtering target of PZT 
was used for the process. RF-sputtering membrane formation was performed without performing 
substrate heating, and the amorphous PZT precursor film was formed, and after that, in the 
oxygen ambient atmosphere, at 650 degrees C, it crystallized and changed into the PZT film in 
which piezoelectric is shown by rapid heat treatment for 1 minute for 1 minute and in 900 
degrees C. 

[0090] Then, it was a hoe fluoric acid water solution about the piezo electric crystal film 105, and 
after carrying out pattern etching of the lower electrode 104 in an aqua-regia water solution, 
respectively, by the sputtering method, the titanium film (thickness = 50A) and the gold film 
(thickness = 2000A) as an up electrode 106 were formed in this order, the water solution of 
iodine and potassium iodide performed pattern etching, and it considered as the cross-section 
configuration shown in drawing 2 (b). 

[0091] Then, as shown in drawing 2 (c), after forming the photosensitive monomer layer by the 
thickness of 2 micrometers and removing the protective coat on the up electrode 106 by 
development as a protective coat 204 of the piezo electric crystal film 105, it heat-treated at 
400 degrees C, and the polyimide layer was formed. Next, the field by the side of the piezo 
electric crystal component in which the protective coat 204 was formed was protected with the 
cylindrical fixture (fixture given in drawing 3 of WO 93/No. 22140 official report) made from 
polypropylene, it was immersed in the 80-degree C potassium-hydroxide water solution, 
anisotropic etching of the single crystal silicon substrate 101 was performed from the opening 

203 of the silicon dioxide film 202, and the ink room 102 was formed. At this time, field bearing of 
the single crystal silicon substrate 101 is (110), and the depth direction of opening 203 is [0092] 
further. 

[External Character 5] 
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< 1 1 2 > 

[0093] Since it was a direction, the field of the side attachment wall which forms the side of the 
depth direction of the ink room 102 could be made into the field (111), and the slot of the depth 
which is the thickness of 250 micrometers of the single crystal silicon substrate 101 was able to 
be held down to about side etching 1 micrometer. 

[0094] Then, the water solution of fluoric acid and ammonium fluoride etched and removed the 
outcrop of the silicon dioxide film 202,201, fixing the single crystal silicon substrate 101 to said 
fixture. At this time, the manufacture yield to the crack of the diaphragm of the zirconium 
dioxide film 103 was as good as 98%. 

[0095] The zirconium dioxide film 103 is excellent as an etching halt layer of the silicon dioxide 
film 201 at the time of ink room 102 formation, and was able to improve the manufacture yield of 
a **** etching process markedly compared with the case where there is no zirconium dioxide 
film 103. Furthermore, from the zirconium dioxide stabilized with magnesium oxide or an 
oxidization yttrium, Youngs modulus became high and the injection property of the zirconium 
dioxide of astable-izing of ink also improved. 

[0096] Although the crystal structure used the astable-ized zirconia film of monoclinic system 
for the zirconium dioxide film in said example the inside of the zirconium dioxide film — an 
oxidization yttrium — five-mol %, when it manufactures like said approach using the half-fully- 
stabilized-zirconia film which dissolved When the ink room 102 was formed in the single crystal 
silicon substrate 101, cracks occurred frequently to the thin-walled part (the zirconium dioxide 
film and part which consists of lower electrodes), and the manufacture yield was very as bad as 
30%. Moreover, as for said half-fully-stabilized-zirconia film, the X-ray diffraction method showed 
that the crystal structure was mixture of monoclinic system and cubic system. 
[0097] except boiling various ratios (thickness of the thickness / lower electrode of the 
zirconium dioxide film) of the thickness of the <example 2> lower electrode 104, and the 
thickness of the zirconium dioxide film 103, and changing them, the same actuation as said 
example 1 was repeated, various kinds of printer heads for ink jet record were prepared, and the 
residual stress of the single crystal silicon substrate before ink room formation, the manufacture 
yield of a diaphragm, and durability test of head actuation were performed. The thickness of a 
lower electrode was fixed to 2000A, and, specifically, only the thickness of the zirconium dioxide 
film was changed. It asked for residual stress by count from curvature measurement of the single 
crystal silicon substrate before ink room formation. The manufacture yield of a diaphragm was 
judged by the existence of the crack of a diaphragm, and the ratio (%) of an excellent 
article/total showed it. For the piezo electric crystal component, durability test was pulse width 
1 ms, impressed the pulse voltage of electrical-potential-difference 30V 1x108 times, and 
evaluated it by the yield in that order. The yield was judged by the existence of the crack of a 
lower electrode and the zirconium dioxide section, and the ratio (%) of an excellent article/total 
showed it. 

[0098] A result is shown in a table 1 with a judgment result. In a table 1, the forward minus sign 
of residual stress shows compressive stress with - sign, and shows tensile stress by the +sign 
[0099] 

[A table 1] 
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[0100] As shown in a table 1, the correlation existed in residual stress, the diaphragm 
manufacture yield, and the endurance yield. That is, the endurance yield was good in general in 
the ratio (zirconium dioxide thickness / lower electrode thickness) of thickness being one or 
more. At this time, the residual stress concerning a single crystal silicon substrate was within 
the limits of weak compressive stress to tensile stress. 

[0101] except boiling various diameters of average crystal grain of the zirconium dioxide which 
constitutes the <example 3> zirconium dioxide film, and changing them, the same actuation as 
said example 1 was repeated, various kinds of printer heads for ink jet record were prepared, and 
durability test assessment of the same head actuation as an example 2 was performed. The 
result is shown in a table 2. The diameter of crystal grain adjusted suitably heat treatment 
temperature, heat treatment time amount, the controlled atmosphere at the time of heat 
treatment, etc., and changed them. 
[0102] 
[A table 2] 
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[0103] The endurance yield was good when the diameter of average crystal grain of the 
zirconium dioxide film was 500-3000A, as shown in a table 2. 

[0104] except boiling various heat treatment temperature after <example 4> zirconium dioxide 
film formation, and changing it, the same actuation as said example 1 was repeated, various kinds 
of printer heads for ink jet record were prepared, and durability test assessment of the same 
head actuation as an example 2 was performed. The result is shown in a table 3 
[0105] 

[A table 3] 
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[0106] with the heat treatment temperature of 1050 degrees C or more, it was comparatively 
good, and above 1150 degrees C, the endurance yield was markedly alike and became good. 
[0107] In <example 5> this example, the formation approach of the zirconium dioxide film in an 
example 1 was changed into the following formation approaches. 

[0108] On the silicon dioxide film 201, the zirconium film was formed by the thickness of about 
5000A by the direct-current spatter which used the metal zirconium as the sputtering target. 
[0109] Next, all over the diffusion furnace, heat-of-combustion processing was performed for 
pure oxygen at predetermined temperature with a sink for 1 hour, and the zirconium dioxide film 
104 of 1 micrometer of thickness was obtained, various heat-of-combustion processing 
temperature was boiled and changed, the printer head for ink jet record was created, and the 
same durability test as an example 2 was performed. The result is shown in a table 4. 
[0110] 
[A table 4] 
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[01 1 1] All the film that oxidized at the oxidation temperature which oxidation of a zirconium 
starts at about 300 degrees C, and is shown in a table 4 was zirconium dioxide film of monoclinic 
system. 

* [01 12] the result of having been markedly alike in it being comparatively desirable it being 1050 
degrees C or more as for the oxidation temperature of a metal zirconium, and it being 1 150 
degrees C or more, and having excelled was obtained so that clearly from a table 4. 
[0113] Moreover, since the more precise film was obtained by thermal oxidation as compared 
with the process of the zirconium dioxide stated in the example 1 when the zirconium dioxide 
film was formed, while becoming a good etching halt layer at the time of ink room formation, 
Young's modulus became large and the injection property of ink also improved. 
[0114] The printer head for ink jet record by this invention as shown in <example 6> drawing _3 
was manufactured. The die length of 100 micrometers and the depth direction [a direction 
vertical to the space of drawing 3 (b)] of those was set to 4mm, array lay length [the longitudinal 
direction of the space of drawing 3 (b)1 of the ink room 102 was set to 80 micrometers, and the 
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die length of the array direction [the longitudinal direction of the space of drawing 3 (b)] of the 
piezo electric crystal film formed it on the ink room. The pitch of the array direction of an ink 
room was set to 141 micrometers, and set resolution to 80dpi (dot par inch). 
[0115] Next, along with drawing^ , a production process is explained concretely. In addition, in 
the sectional view of drawing 4 , a direction vertical to space turns into the depth direction of an 
ink room. 

[0116] Wet thermal oxidation of the single crystal silicon substrate 101 which has field bearing 
(110) with a thickness of 220 micrometers was carried out at 1 100 degrees C, and the silicon 
dioxide film 201,202 with a thickness of 0.8 micrometers was simultaneously formed in both sides 
of a substrate 101. 

[01 17] And the photoresist was formed in silicon dioxide film 201,202 both sides according to the 
usual FOTORISO process, and the desired pattern was formed in the photoresist on the silicon 
dioxide film 202. 

[0118] This substrate was immersed in the water solution of fluoric acid and ammonium fluoride, 
pattern etching of the silicon dioxide film 202 was carried out, and opening 203 was formed. At 
this time, it is [0119] of the single crystal silicon substrate 101 in the depth direction of opening 
203, i.e., a direction vertical to space. 
[External Character 6] 

< 1 1 2 > 

[0120] It considered as the direction. 

[0121] After dipping this substrate in the 80-degree C sulfuric acid and exfoliating a photoresist, 
the metal zirconium film 103 of 200A of thickness was formed in the silicon dioxide film 201 side 
by the direct-current spatter. Next, the platinum layer of 0.8 micrometers of thickness was 
formed by the direct-current spatter as a lower electrode 104. Furthermore, the piezo electric 
crystal film 105 was made into 3 component system PZT of 2 micrometers of thickness 
[PbZr03-PbTi03-Pb(Mg1/3Nb 2/3) 03], and the RF spatter using the sintered compact 
sputtering target of PZT was used for the process. RF-sputtering membrane formation was 
performed without performing substrate heating, and the amorphous PZT precursor film was 
formed, and after that, in the oxygen ambient atmosphere, at 750 degrees C, it crystallized and 
changed into the PZT film in which piezoelectric is shown by heat treatment of 1 hour. 
Simultaneously, in this heat treatment, the metal zirconium film 103 oxidized, turned into 
zirconium dioxide film, and also doubled that thickness in 400A. Then, the gold.film of 0.1 
micrometers of thickness was formed in the direct-current spatter as an up electrode 106 on 
the piezo electric crystal film 105. 

[0122] Next, by using the ion milling method using a usual FOTORISO process and argon gas, 
one by one, the configuration of a request of the up electrode 106, the piezo electric crystal film 
105, and the lower electrode layer 104 was processed, and it considered as the cross-section 
configuration shown in draw ing 4 (b). 

[0123] Then, as shown in drawing 4 (c), after forming the photosensitive monomer layer in the 
thickness of 2 micrometers as a protective coat 204 of the piezo electric crystal film 105 and 
removing the protective coat on the up electrode 106 by development, it heat-treated at 400 
degrees C, and the polyimide layer was formed. Next, the field by the side of the piezo electric 
^ crystal component in which the protective coat 204 was formed was protected with the fixture 
used in said example 1, it was immersed in the 80-degree C potassium-hydroxide water solution, 
anisotropic etching of the single crystal silicon substrate 101 was performed from the opening 
203 of the silicon dioxide film 202, and the ink room 102 was formed. At this time, field bearing of 
the single crystal silicon substrate 101 is (110), and the depth direction of opening 203 is [0124] 
further. 

[External Character 7] 

< 1 1 2 > 

[0125] Since it was a direction, the field of the side attachment wall which forms the side of the 
depth direction of the ink room 102 could be made into the field (111), and the slot of the depth 
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which is the thickness of 220 micrometers of the single crystal silicon substrate 101 was able to 
be held down to about side etching 0.8micrometer. 

[0126] Then, etching clearance of the outcrop of the silicon dioxide film 202,201 was carried out 
in the water solution of fluoric acid and ammonium fluoride, fixing the single crystal silicon 
substrate 101 to said fixture. 

[0127] In this way, the adhesion of a silicon substrate, the zirconium dioxide film and the 
zirconium dioxide film, and a lower electrode was respectively good, and the ink jet recording 
head without film peeling was able to be manufactured. Moreover, when this head was applied to 
the same durability test as an example 2, 80% or more of high yield was obtained. 
[0128] In <example 7> this example, as shown in drawing 5 , the direct metal zirconium film 103 
was formed on the single crystal silicon substrate 101 through the silicon dioxide layer. 
[0129] Along with drawing 6 (a), (b), and (c), a production process is explained concretely. 
[0130] As shown in drawing 6 (a), after forming the silicon dioxide film 201,202 in both sides of 
the single crystal silicon substrate 101 like an example 6, pattern formation of the photoresist 
401 was carried out only to the field of the silicon dioxide film 202 at the usual FOTORISO 
process. Next, while carrying out overall etching clearance of the silicon dioxide film 201 by 
dipping the substrate with which the pattern of said photoresist was formed into the water 
solution of fluoric acid and ammonium fluoride, pattern etching of the silicon dioxide film 202 was 
carried out. 

[0131] Then, as shown in drawing 6 (b), the photoresist 401 was exfoliated with the 80-degree C 
sulfuric acid. Next, like the example 6, as shown in drawing 6 (c), sequential formation of the 
zirconium dioxide film 103, the lower electrode 104, the piezo electric crystal film 105, and the up 
electrode 106 was carried out. 

[0132] Finally, like the example 6, the ink room 102 and the protective coat 204 were able to be 

formed, and the structure shown in drawing 5 was able to be obtained. 

[0133] In this way, the adhesion of a silicon substrate, the zirconium dioxide film and the 

zirconium dioxide film, and a lower electrode was respectively good, and the ink jet recording 

head without film peeling was able to be manufactured. Moreover, when this head was applied to 

the same durability test as an example 2, 80% or more of high yield was obtained. 

[0134] except boiling various thickness of a <example 8> metal zirconium, and changing it, the 

same actuation as said example 6 was repeated, the component was manufactured, and the yield 

of those components was evaluated. 

[0135] As a lower electrode and piezo electric crystal film, the platinum layer whose thickness is 
0.8 micrometers, respectively, and thickness used 3 component system PZT (what was used in 
the example 6) which is 1.5 micrometers. The adhesion of the lower electrode after PZT heat- 
of-crystallization processing estimated decision of the quality of the obtained component, and it 
made the defect the chip with which exfoliation or a float is observed by the lower electrode. It 
judged by Ox bordering on 50% of yields. A result is shown in a table 5. 
[0136] 
[A table 5] 
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[0137] As for the metal zirconium film, thickness doubled with all samples by heat treatment. 
Said experimental result shows that the range of the suitable thickness of the zirconium dioxide 
film is 100-600A. 

[0138] When the same trial as the" above was carried out having set thickness of a lower 
electrode to 0.2-2 micrometers, and having used thickness of the PZT piezo electric crystal film 
as 0.5-5 micrometers, the range of the suitable thickness of a zirconium dioxide was 100-600A 
similarly. 

[0139] The metal zirconium of 200A of thickness was beforehand oxidized thermally, after that, 
sequential formation of a lower electrode and the PZT film was carried out, when heat-of- 
crystallization processing of PZT is performed continuously, the adhesion of a lower electrode 
and a zirconium dioxide is very bad, and the lower electrode has exfoliated completely from the 
zirconium dioxide film. 

[0140] Although the structure in which the silicon dioxide film exists was used in said example, 
when the same trial was carried out to the structure in which the silicon dioxide film shown in 
said example 7 does not exist, the range of the suitable thickness of the zirconium dioxide film 
was 100-600A. 

[0141] Except adding an adhesion layer further between the <example 9> metal zirconium film 
and a lower electrode, the same actuation as said example 8 was repeated, and the component 
was manufactured. 

[0142] As a metal for adhesion layers, when titanium, a tantalum, aluminum, or tin was used, the 
adhesion force improved and the yield improved one to 5 point. 

[0143] All had become an oxide when the X diffraction analyzed these adhesion layers. Especially 
in the case of the tantalum, the lead and the part which were diffused from PZT reacted, and it 
had become the alloy of tantalum oxide and tantalum oxide lead. 

[0144] moreover, iridium — an adhesion layer — public funds — although it was imagined to be 
^ the cause to belong to the same platinum group as a lower electrode when it used as a group, 
especially the adhesion force became high and the yield improved seven to 10 point. 
[0145] In the aforementioned examples 6-9, although examined by making heat-of-crystallization 
processing temperature of PZT into 750 degrees C, according to the presentation of PZT to be 
used, the optimal heat treatment temperature for acquiring a piezo-electric high property 
changes, when were examined by boiling various heat treatment temperature and changing it in 
650-850 degrees C and the zirconium dioxide film of the aforementioned suitable thickness 
range was used, it was satisfactory to the adhesion of a lower electrode 
[0146] 

[Effect of the Invention] In case the printer head for ink jet record is manufactured according to 
this invention, between a single crystal silicon substrate and a lower electrode By preparing the 
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zirconium dioxide film or metal zirconium film of monoclinic system The stress in which a load is 
carried out to said single crystal silicon substrate by the difference among volume changes, such 
as a single crystal silicon substrate accompanying the temperature change by heat treatment by 
said production process, a lowerejectrode, and piezo electric crystal film It can decrease by the 
cubical expansion by crystal phase transition of said monoclinic-system zirconium dioxide film, or 
the cubical expansion by the oxidation to a zirconium dioxide from a zirconium. Therefore, with 
the printer head for ink jet record by this invention, there is no crack of the diaphragm which 
consists of monoclinic-system zirconium dioxide film, and the printer head for ink jet record 
which was excellent in endurance can be offered. Moreover, since the piezo electric crystal thin 
film which has a piezo-electric high property can be formed in one, it is high-density and the 
printer head for ink jet record which was excellent in the ink injection property can be offered 
cheaply. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the outline perspective view (a) and A~A' line cross-section enlarged drawing of 
one embodiment of the printer head for ink jet record by this invention. 

[Drawing 2] It is the sectional view showing the production process of one embodiment of the 
printer head for ink jet record by this invention. 

[Drawing 3] It is the outline perspective view (a) and A-A T line cross-section enlarged drawing of 
one another embodiment of the printer head for ink jet record by this invention. 
[Drawjng 4] It is the sectional view showing the production process of the printer head for ink jet 
record by this invention shown in drawing 3 . 

[Drawing 5] It is the sectional view of the body of one still more nearly another embodiment of 
the printer head for ink jet record by this invention. 

[Drawing 6] It is the sectional view showing the production process of the body of the printer 
head for ink jet record by this invention shown in drawing 5 . 
[Description of Notations] 

101 ... Single crystal silicon substrate 

102 ... Ink room 

103 ... The zirconium dioxide film or metal zirconium film 

1 04 ... Lower electrode 

105 ... Piezo electric crystal film 

106 ... Up electrode 

107 ... Nozzle plate 
108... Nozzle 

201,202 ... Silicon dioxide film 

203 ... Opening 

204 ... Protective coat 
401 ... Photoresist 
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[ft *9 4 ] ttE»ft^3 - •> Al^¥% H B Si 
#5 0 0-3 0 0 0^>^ Fp-AT'fe5IIM2X 

[f*#*5] «fEltfb^3 = ^-&J|||OBtj*[is % 10 
^ y Ko 

in** 7] miEjEmff^, 
(pzt) 

y Ko 

[»#Jf 9] WETWtM*, 



<DV*T*lJ&*-3SfcE* 
Ko 

* 3 J$5Hf 5 

(pzt) bit 



**f 1 1 kie«^ ^ ^ 3/ hEUUsyy ^ 



[R*9[ 1 3 ] SftETWM. ffiEflE«{*«, 
E±gS««#, »BBe?rt;ftK:J:0»«*ix'CV>5|||*3l 

/y>?^^ Ko 



10 



20 



30 



40 



50 



ftlli"5A»Xf±*«)a**S«iBOIMkS*Ji±K8 

9 a a> e> int v^/u 3 - r> a o mt k x 5 frauds \zl x 

S 5 **X tt: * ^o^*.*S^ ® d ^{ b 3£«B ± a 

his^fflyy K©*a*s-c*ot, ttElfrft: 

i>yU3^i>ABt^«jft«K., -t©H-fb^ = = i?ABI«) 

**i-5^Xtt*^**S*B<ottft^*a±jcjt« 
SM i - S ¥14 A * <omt i?A> 33 ^ i> a k i , * <d mt *J 
^=i = 9ABI±(OTSB«Si:, ^^Ta5mS±^Em* 

ait, *<7)ffmftflt±(o±»«ttiSr$tf>r^^^3:3/ 

f£^S v^/u 37 - r> AlKSr WE»-fk ^ 31 - $ abc^ 
1"5ia*:*trr t £1#a$^-f >^ y hffi^ffl 

1 7 ] ffirEoJRAa&K^ 1 0.5 o°cw±t- 

h 5»**1 5Xlii 6 tEttO»3t*ft 0 

1 8 ] ttEo«ate3ia**s 1 1 5 o°c^±t- 

*>4B*«1 7tE*©«jg*fe 0 

Kfu v (PZT) EE«*«rK#BtSr«fi!&-t5XSi: % ^« 

E^3yif^yg|{} (PZT) EEfllftHiJffifrBSSr^ 
yU3>»f-^vltta (PZT) BE«ffBtfc^»"f 5X8 
SrJEfc^tfBI** 1 .5 - 1 8 <^1*;h,a*— J5fcE«<&S 

»*i-536»Xtt*^S**S»ffi«)IMbi*Jl±KiI 



3 

T, (PZT) E«ftttJBttK«r 

Mtilgi, *<Di/A'=>t£f-* % s#& (PZT) 10 

tttJRftlu «rE^3^»^^>in& (pzt) 

E«#«rB#*fi*tt<Ov?yua>||^^v|ttB (PZ 
T) fE^ftfcaCjft-t-SirlRl^K, huIE^JR^u=i = !>A 

-fSxa«:ll*U «i^T*<&£JRfl|±fcT»««£^ 20 
^■t*5XSS:IIJ£-f-SHt*^2 0 Stfg^jfe, 

[f»*«2 3] f^SSS** 6 5 0-8 5 OtTfcS 
9*92 0-2 2<o^Tttd»-q[fcKft^»iS*ifco 

[0 0 0 1 ] 

^s: t^T^So 40 
[0 0 0 2] -f^^xji MESffl^y V*—;/ KflM 

[0 0 0 3] 

*:JB^fi«*ft»i: LTtt, fljitf, #M¥6 - 2 0 4 50 



#M¥9 - 2 5 4 3 8 6 

4 

[0 0 0 4] m&k Lxmm&mm&R^Z&jkffllik 

ttlt fllxtf* *a#fF»5, 2 6 5, 3 1 

T^ms, 2j*^*^/u=3^it^^^iMa (pz 

fflV^t^OT, SMft»»l£tt:, 6 0 0°C-6 5 0°CH 
[0 0 0 5] 

[0 0 0 6] fiSIB^BB^Fe - 2 0 4 5 8 0 *&#E*0> 
fa^cn^mZ, 0. 8mmX 3mm, W-^ 1 0 

e»jb7 y K^yxM i8oa P i aft^K 
[o o o 7j it, muxm&ftms, 2 6 5, 315 

iot/<;^t7 ^ y^^PZ T kmU&<D^^U 
ai-5fc»t-tt, P ZT^MfiSSr8 0 0 < CJW±^± 



(4) 



#§B¥9- 2 5 4 3 8 6 



[0008] **W#ti, »B©ra*:#*i-4 
SffiT?, L*»t>3fifc^*PZT*:fflU^Ti*a*aSria6 

ufc»&-efcfiitiswft 4* c<5 r 4 

x i*M£,&3§iiSffi 4 TSPSS 4 <£> Pfl »^ ^ =" - * 

©■Mkfc «t sftMBHK: «t o Ti6*i-5 r 4 5 r 

fco 

[0 0 0 9] #3193 fir 5 LfcfcULfcS-^ fcovefc 

[0 0 10] 



^s*stsaffi<DK^isji ^sastti- 5 »{k = 

-So 

[0 0 1 l] Sfc, #*BUtt % JT«a**1-5lM§A£ 



[0 0 12] 

ffl^yyj^y^SifcSfSKs^m (1) 
3£* s& 4 t 8s 4 m t s w it ^ ^ = =. a k 

^Sftffi^k:«]:5(Willi5KS:*iJffi-t-5^ RTf/Xl* 
(2) |pI&<VlSA^£Kj:Tffi<tt40in(cKtt«: 

A - <7) fifcf k fc J; 5 & ft ffl^3r4#T*£5 0 

[0 0 13] fitftfc, 89E (1) <&*SiiffilE#fc«fc5 

[0 0 14] El Hi. ttSCii'f^^xy hffi^ 

o«Bf*JSHi?*)9, [ill (b) tt % Hi (a) ^A- 

[0 0 15] 01C$t*M^>^^iy hffi^ffl 

&A&af££l0 1 ; ^rCO-O^^l 0 2<D&mt:J&tfL 
20 LT*ie*S*»Kl 0 l±K»jj£Six*ilMk^3 = 

■>^JKi 0 3 ; «rE*<k^3 = ^^Bti 0 3©B:® 

nfcTSFBSffi 1 0 4 t % |tjf£T^®S 1 0 4 
^**tfcffi«ft:IBtl 0 5 4, BufEJ±m^Kl 0 5cO_h 
K»J**ixfc±««ttl 0 6 ti»fe4SflE«(#:*^- ; X 
t>V 1 0 8 / XMR 1 0 7 $rg^ Iti 

[0016] >f>^il02i /X/H 0 8(i, 

[0 0 1 7] :w^i?is/ NE^ffl^li isf^y K 

1 0 6<OIBK:lBEfeBilPU T^mS l 0 4 4EmfrBI 
l 0 5 4±aSfiii 0 6 iiO&aEfctf*^ il/K 

^li0 2^)fti^>$t, ^fy^Ii0 2rt(:il 

[0 0 1 8] |D2« S fflE<o||£4Bti9bJ:S#S[KS 

y KSr»Jti-5ft*Wft*«fe*, *^ B B s^*«fel 0 1 
40 CEtftifS^V^il 0 2Sr*j*-r5*-eo)«iS 

iltu, xsti [ (a) - (c) ) {^-«ff®Ei-e 

v ^ ^ H tT t fPi 4 4 5 o 

[0 0 19] ttt*»d, mjjfc (110) 5 

A3^3KS4E 101^1 0 0 0-1 2 0 o°CT*SS:fi^k 

L, 1 0 1 (OlSS^ZKfka^lR 2 0 1, 2 0 2 £ 

W«Fic»rici-5o z^kSilfi, cvd ({k^Stg^; 

0 1, 2 0 2Wff*tt, ttKH^StiftV^s, »4L< 
50 |j:2 0 0 0-1 0 0 0 0ty^FD-At'fc5 o ft 



7 

6 0 0 0~ 1 0 0 0 Qjr^y* Y n— t 

u\ a*3, i o i fcRftarf 

i o liMKSL HBoiWb^a 
-£J»Ri o 3^Mt5^»\ *>5^tt-£*]«Lfcz: 

0 3S:¥fiA3S*£ffil 0 1 
[0 0 2 0] JJcfc, -R<kJl*fll2 0 2^:7*- Fi/^ 

y^V^iK (0)J;tJ2 s *R£*fkT^=9i>>J:©*8 

[0 0 2 1] 

_ _ 

< 1 1 2 >X<±< 1 1 2> 
[0 0 2 2] #|r]*43J;5WE«1-5o 7tH/^ 

hsrstifitbfcft, -mtmmm2 o sHkvv^ 

£L<te 0. l-2^mT*$>6 Q fc*5, = 

3«j*Eft(0jR»3ltt(Z>at9j4;^j(O±H^ft4 9, 
[0023] *waB**cfc^r rjpBBgfiRjfej t 

CVDffi, S^tKSIS 
[0 0 2 4] I5f^i(k^ ^ ^ ^ 1 0 3 it, G&R 

t'1 0 5 0-l 2 0 0t:^T3 0^W-2^^^S 
tt, Kft^^-!?AK^0. 5-3X10" S N/m 

[0 0 2 5] Kft^u^-^^ff^t^^fi, Kfk 



(5) #M¥9- 2 5 4 3 8 6 

8 

[0 0 2 6] Bft^3^^H 0 3fi/£ 

*5«t5Ki"5o IWk^3=*Af±, $*Yk», «*. 

vvi^-r>A (i//U3^7) 

[0 0 2 7] ifc^^-r)Agl 0 3±t^ Jf 

IMfeiaot, TStSl 0 4, &tfflE«#Rl 0 

(a) tC7r:i- 0 

[0028] tsb««i o 4«. htm% 

-f ] ) >9^y Yt£X<n^\s? V d^^^7^ *tf)§!iig 
20 £tl5J3E®{$: (0J;Uf, PZT) ^^MffiMSid^LT 

in, e^xfi/^yj^^tiiss oil 

111 0 0 0-1 0 0 0 0ty^7fo-^T*fc5o 

«ffi^Rfftt, eRSSi^R^ia^ i o o o^-^^x h 
D^y±t*fc5: iis»*L< , ioooot>^'^ 

[0029] g|2^fi^$7ii/^s, m£^£V > K^k^ 

yU^-r>A^l 0 3 iT^m^l 0 4<b<7)Pflf^ 

3 TSm^ 1 0 4 i (D^*t±^ I«[|± S * 3 ^0^$f J l 
^K(j:50-l 0 0 0^->^^ h D-Atfc5 c 

40 [0030] >mt , t^ss 104R 

[0 0 3 1 ] 5^, T^mS 104 tO_b(C x J±Sft:^ 1 
0 5SrHii-r5 0 JE«*R»i, a^r^RBDSA 

[0 0 3 2] «jttf, ^^y**K:J:o-CttR<*:R*j* 
50 RLfc48^tt, WRfrR^ttfiS^C^GT^a^jfcftfa 



:§J8APg*?£ («Xfi, 5 00-7 0 0tCTl-5»Pfl 
<0feS-fk^tftO» 1 ^fi^ai, 6 5 0-9 0 0t|I 

bit) , *»#©§BfcKa#ffl^e>*tTi^sit 

*JF*cJ:5#tcftat?/jrv^« ! afe 5 0 0- 

&gt, 6 5 0-9 0 0°CT*<7) 1 3 B#K(0#tt[R] 

[0 0 3 3] ✓^^»tJ: i oTtt*it««:jaig|Lfc» 

Sftj£ («;t*4, 5 0 0-7 0 0lCluTl-5»fflO)SjB 
A±J5fc<Ofc»©JS 1 (Of&Mmt^ 6 5 0 — 9 5 0°Cf;iT 

[oo34] ftffl-r s r i: <dx*% z&mmt^ mmfe 

-«5ft (1) :Pb„ ( (Z r) , (T i ) h 
(BdB' «) c) O3- B&t>*B' 14, 2ffi#Jg 

b, c , d&tf ef4^TG>BB« : 

0 ^ x ^ 0. 3 , 

0. 2 5 ^ a ^ 0. 55, 

0. 3 5 ^ b ^ 0 . 5 5, 

0. OS^c^O. t" LT, BWB' 

0. 31<d<0. 3 5, 
0. 63<e<0. 7, 

0. 94<d + e<l. 0 5T**>3j&\ £>5W4, B& 

frit, Xtt2ftAJR-<*>4: 6<B^«>f *^t<o|a*-fr 

fc>it<7>®-g*£l4 

0. 47<d<0. 53 N 

0. 47<e<0. 53, 

0. 94<d + e<l. 0 6T*fc£) T-S£tl53j£# 
£PZT iuffio 

(1) fc*5l*T* 2ffi^JR^^->Bf4, «jttf, 
"7^v"?i* (Mg) , (Co) , ffifS (Z 

n) , ^K;^A (Cd) , (Mn) , Xf4~ 

(Ni) T*>9, Sffi^JS-Y^Bfi, #J;tf4, 
5/ h y (Y) % ft (F e) , (S 
c) , 4yTJl>\?VJ± (Yb) , A-T^^A (Lu) , 
-fVv^A (In) , Xf4^nA (Cr) Trfe 9 > 5 <ffi 



6 ffi^S^ 



(6) #§fl¥ 9-254386 
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&^^>B' f4, ffilxtf, (Nb) 
(Ta) , XltT^f^e^ (Sb) T*fo«9, 

^->B > (4, fclxji, t^y^^y (W) , 

(Te) Tfc5 0 Mid, ^f^^iyhB 

$h'-ffcfc*>* mjf£-/t£:£ (1) [cfctfSB&tfB' £ 
#£L<f4 5^%«±, i^JL< (45-4 0^u 

ffi«S*S*^Kl/^3fife»*PZTSrfflt^5. 
±a* Lfc» 3 5 ^%JW±^A/fc 3 P Z T 

btlZo £fc, 8 0 O^JWiT-fci-Uf «fc «9#£ L^ 0 
[0 0 3 5] ElMl 0 5<ORffti\ #fcH£*H4 
£?4L<{40. 5-5/imT'W 0 Hffc^ 
/m-^Ali 0 3 <hT2B«ffil 0 4i©ffil:, $*Jg 
fflt LT^RRSrJKricLT*>S4i^lcf4, EEmfrBiJlE* 

[0036] m^. jEm^Ki 0 s^^v^ («y 

20 £14, ^^^^tKS®) T\ T»tai0 4txyfy 

a, 0 5±^, ±^«^i 0 6&MK?£jftj£ 

tiot»*t5. 

[0 0 3 7] ±^m^l 0 6 14, <{>{ri?xy hU&M 

*S^iIJ?{4, «Ffc»3ESixftV^S, ifiL<(45 0 0 
30 —5 0 0 O^V^* h n — i^TfcSo 

[0 0 3 8] H2{^4^£ftV^ S^lCilO, j±ffl:ft: 

mi 0 5 t±s&mni 0 6 tcopqijc, %mm%k lt, 

Rl 0 5 £±&||ffii 0 6 £<^3ftt£[p]±$it5<a# 
<f*U\ t?»Sffl^JiII08fJ?(4, »fcH^S*L/jsv> 
^, »4 L< Ii5 0-3 0 OtV^ h o-At*fc5 0 
±S8S«JBj*«f4, SSfiteSSr^Sir^r-f , 3fe»4*» 

40 [0 0 3 9] Jf ffl&JSKt 106i 

i±m«gii 0 5©±c±»««i 0 

*^«it^El2 (b) S^c, 3F«tt#*ftfl!^ 

[oo4o] 112 (c) e*i-£5n, 

Rl 0 5CO«^K2 0 4 t LT, 0iJ^(4, #y^ ^ K* 
50 ricffl^lBjttt*/^-JiS:ff*0. 3-5 M mf 
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m> 3 o o~4 5 o°cx^^a^tf^^y ^ KSt-r 

-So 

[0 0 4 1] 2 0 4 SrJBfiR LfcJEtlfrlt^ 

tf> 1 0-4 0%*IMk*y ">A7k^) fcS*L, - 
^{bS*E2 0 2<£>Hfjqgi$2 0 3^<b¥3£B B B3§ff&Kl 

0 1 <D£jj&^y?~i/tf$:1f\,\ 4 y^ll 0 2£^]$ 10 

-r^o *^ B B a ^**si o i<offi*fflis (i i 

o) -e*>9, HtBipffl2 o 3<oJMT#*Siis 

[0 0 4 2] 
W2] 

< lT2 >X(i<Tl 2> 

[0 0 4 3] *lR|fcft5J:5fciaiILT*>5<Ot?, ^ > 

^1 0 2©j|fi : **lPl©iaSr3Kj5fei-SflH|<OSBSr (1 

1 1) ffitt5rt^§5 o 

[0 0 4 4] JUftt^ y^l/ifygih LX^Wtitif y 20 

*i£i8£ffl^fc«£\ *Sf H 3i*^ (1 10) mt (1 

1 1) S^^.yf-V^jSSc0it^3 0 0 : lgStft 
9, 1 0 1<£)J?^2 5 0 Am«S* 

3ftiil2 0 2, 2 0 l toMOMi^^^ 

[0 0 4 5] r^^V^^l^&^T. 30 
12 0 l<D^y^^?W±mt LT«ttT*5 0, IMfc^ 

[0 0 4 6] MiC, *$3t<kift'»3 = !>i>fl:, gtffc; 
[0 0 4 7] (v/Uzi-T) 

^)S^^2 7 0 0t (§L6) EiT<0»£flSffl-Cttfl: 

^^^BtJKfiRa^jpjRiaa (1050-120 o°o , 

[0 0 4 8] Sfc % IE***^|fc{k^U3n«>Att, ¥ 

^R B B ^^gjt:^uzi - 9 a i {9 fcj|fi3%«:8l* s /hS < * so 
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■fe y £i^£r l ^yu%— 3 0^yu%<oST*@}g£-£T\ 
Sft T* 1 £ * B B a ^ £ *r 1" 5 go£ f b i> > u =» = r £ ffl v > X v ^ 

[0 0 4 9] Lri>U *»WoJ:5^ *^b b b^**« 

SftLT^4^8ft^3ni>Ait l o 0 0°C^±<£> 
lE^B^^W^S^^^fil^b, »«Jfr9i-5«fc:. 
*#4B e B^^SfBffie^^$2- u *a*s*3ii-5 0 ^cd 

JES^SrSttSo ^{ki^^TS: 1 0 0 0°C 

T«)*i5^*J:0JI!WWas*:*v^) tc^^ft^LT^ 

tt, 8 0 0 0 CJW±0^a^^g^FpJ^-Cfo5^, T£& 

[0 0 5 0] *«0^fi s lttEOjRaS:fiJfflLfct>a)-e*) 
^b h b^* Sfe t T^ffiffi t (Dm izfrte S * 5 r i j: 

[0 0 5 1] -ISIC. -CV^^aiy HBftffl7'!J 

*3iiti-5©-c % mmmfctmmm±» (±w«a, be 



(8) 
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[0052] Mid, 4>#\/=Ly htmmyy 

^^*4ti*<oe*i: HJ|tSrjHx.T 

[0 0 5 3] **0j0)>f MB»ffl^!J 

o°cw±, J:f9»st<fii i 5o°cj^Ji) -esftso-a* 

* L< lil 0 5 0 o CJSZ± N J: 9#£L< ftl 1 5 0°CJW 



[0 0 5 4] r. 5 LT»&*Lfc*«WKJ:5'r>'^ 30 

^Aii^raiii L^Rff= iooo~ioo 

= 0-1 0 0 O^^* hP-i.) ; HU|ETSBIE1g±(0 

(»JU«f=0. 5-5 ^m) ; ^<£>I±® 40 
#R±0±SBSffi (ffiU^WI=5 0 0-5 0 0 0* 

88ttlli:0>RIJCD^*Jl L^Klp:=0-3 0 
[0 0 5 5] ifc, *58«l:J:5liE'fv^^x y MS 
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9, ^^^«^mi^*|g B B B S«S«c7)aS^, Mb 

[0 0 5 6] JSC *«Wtt-5WE>f^yiyhE 

■toW^tttfrtli+S. **5, ¥^ B B B &^fi, Hft&S 

[0 0 5 7] fcfc: x *»BCJ;5/fy?5;xy MEft/fl 
9Mk(D K K. S£ tf fc &JS i/;U3i^i©^3 = ^ 

[0 0 5 8] **WKJ:5-f ^ ^ jy hfS^ 

(a) tt*»W<0-f>-^ v^y HE<ft/8:/!J K 
^«B&^t&0T*fc9. HI 3 (b) tt, H3 (a) (7>A- 

a' «»a5it*H-e*>5. 

[0 0 5 9] B3f:*t**W^^yiy hEftffl 

SplSHSffi 10 1; -t<7)l|MSi&3i*S« 1 0 1 ±(cff$ 
j*£;fc,fcx&te£iSfR2 o l ; gulE-f >^ i o 2^E 
ffi^MLt-i<bail2 o l ±fcj&££ixfclMfc^ 

yu^- ^jjsi o 3 ; mmmit^^^^^^mi 03^ 

±fc»j*£;ftfcTWttt I04h SuffiTaS® 1 0 4 
<0±^*$ix*:J3E«ft:ffl|l 05i, ftuffiffltfrii 1 0 
5oo±(cffM§ttfc±^S® 1 0 6 t3S»C>ft5ffim#:* 
* ; ST>V X/U 1 0 8 S:^t5y X/bg l 0 7 
LTfltfifcS^TV^o 'fy^il 0 2kJ XVH 0 8 

[0060] r<D^ it*. y hmmmzfv K 
i o 6 (Dmicnfzzmn u r^mm 1 o 4 ijEm^R 

1 0 5 fciffltm 0 6 iri 5 45BE«**^ ftl/H 
ik^/^^^Ii 0 3 ^^^-it^r t\c J: 19 , > 

LTl>5-r^^Sr. 7XyUl 0 8 J:9i»j»S-fr5ri:*s 
[0 0 6 l]IH4tt > v?/m-^i,5j^t{t;^;i/3^^ 

5-, ^Sft^ssffii 0 1 {-jESfts^xiz-r >^^i 

0 2JMt5iWligIgtLT, XSW [ (a) 



(9) 
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6o ttXftfc, ME©*fttia«KriB*tt (110) 
Sr*"i"5*ft*S*S« 1 0 1 £ 1 0 0 0 - 1 20 0t 

■eiSMftti^xiicvDiiiot, Sffii o i <£> 
Wffilcz:iMkS*Bl2 oi, 202 zgtffc 

1*12 0 1, 2 0 2<7)J|[*f4, #KH^$tt4v^S, 

BulEi:I^K:£f£ l< H4ooo-i ooo o*>iyx 
JfMSiBSSSS l 0 litejtS, »IE^)4JH^= = i> 

S*§2 0 1 Sr^!yfv^4^T*^LT^e>, 10 
gft^n-^Ali o 3&4Mg£3£*£Ki 0 i±t 
ESc, Mt5rH-et5„ fit, illftf)^ h y 

"9 -Klkail 2 0 1 , 2 0 2Bffit7*h 
^h«U -iftSIl2 0 2±£^7tM/y 

[0 0 6 2] #5>ixfcSttSr, ^y^sflfc («x.tf, 

IMkS*Bl2 0 2Sr/<^ — vaiy^^^L, iP^20 
3SrJg*-f5 0 raDB$ x HP«2 0 3<Oj|fT#* , fRl, 
ttfe*>3KB^*it**i«iS:*»fta*S*E l 0 l <£> 20 

[0 0 6 3] 

[^3] _ _ 

< 1 1 2 >Xli< 1 1 2 > 

[0 0 6 4] #fi£*5J:5*CiBfIt-5o 

[0 0 6 5] #btlfcS1S5r, 8 0-9 0°CcDiijgf?& 

XgHfcSHffR2 0 ^JR^nn *?^B|1 0 

& Itfc vvu =3 = » ^ ^JtSli- 5 r t \c i 5 ttfflBKtf * 30 

/U=2n5r^KOlRfftt % $J5 0-#J 3 0 0^>^X h n 
[0 0 6 6] ^JR^=inr>^Ki 0 3<OJgjSfc«t, T 40 

[0 0 6 7] H4Cf4*S4l^S, if-gicj; ^lv? 

$J*mi 0 3 tT^mmi 0 4 i<&$»tt*fa±r5fc 
£Mvv^~£AJgil 0 3 tTSBm^l 0 4 0P B 1 
»BBK*ffi*cJ;9, BSI2tlKl«<0?B*Jiffl^JSBIS: 

[0 0 6 8] Ifk^, TSflttffil 0 4 60_h{- N JEm^ffilg 50 



#S?9-2 5 4 3 8 6 
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ttmzmmi-z> 0 zo>mm»mi±* mmtmm^. mm 

Affile ioT/SKU ftfflLfc»BD»filt«felcjSi:T, 

^3 O 

[0 0 6 9] r^jR&atfei^T, ^S^a^- 

0 3tt x SftSiltSft^a^^ARl 0 3 

1 0 3*#ffi^^^T*WIS<t^0^a5:||ffii-5 
r^SftAaa^t-T^mffil 0 4#XiHti£SiR2 0 

i «t? mutts. &«^=^i>^fflti o 3<oae 

tt, PZT36»bttlkLfcl&K:J:0, niMkSsWi2 0 l 
t -Wtti&mm 20 i t oflHftl £ LTf£JB-f 4 i * 

n r)A|i o 3 t T^ifi 1 0 4 t£>Wfcl, gg^jf 

[0 0 7 0] ftfc, flEmftWi o 5±(c N MB&A&k: 
ioT±astSl0 6S:Mt5o ±^«@i0 6coil 

fftt, #^KSSttafc^T*ttftV>3i^ 5 0 0-5 0 0 

[0 0 7 1 ] B4fctt*iS4l\4^ *&K«t 9, JGEItft 
Hi 0 5 iigpmffil 0 6<o«#tt«riR]±-r5fc»fc:, 

EEmfr^ i o 5 1 Jcuwm i o 6 (Dm\^s ^»sffl#js 

[0 0 7 2] Set, ii^f^^^- hijyig^ 
^ U Wft, ±§i5msi o 

6 , EEKttm 10 5, Rt^TfiFPaffilR 1 0 4 &ffim<OK 
ttfcJDXL, EI 4 (b) ^^i-BfrB^«)a*f*:Sr»5 

[0 0 7 3] SI 4 (c) El* 

Rl 0 5(D&mm2 0 4 t IT, WAtf. *°H; k« 
J*fflO«3ttt^/-^— JiSrff*0. 3-^5 /urn CJgJSfe 
L, ±»«lii0 6±©filBHJ|fcaiktJ:9*9l*v^fc 

3 0 0-4 5 0°CT^^H§r?T^7Ky ^ K«ti" 
[0 0 7 4] -t^«(0»f^R05*«=*4ftt, WfScOSfB 

*«fca»L. ZKftI*l2 02<^BBPSS203^b 
*^ 0 s aS*S«l 0 1 <Dgj5&^y^>y%fT\,\ 

^ii0 2^Mt5 o *iSSiifiio 
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[0075] &m*y^^~*}j>>Wk<Dmmk^£ ^ml 

fcSHkvvi^- £Ajg| i o 3 ft 3a^-e&Sfc£>, ^> 

^1 0 2ff^^-^t3i^2 0 1 60^ y =f~^?W 
[0 0 7 6] ^is^^-V^frhmki?^^- 

[0 0 7 7 ] ^JS^/U=i-^A^?>^k^/U=i- 

«r -r 5 *^f B s*a«{cxt l tap^s^ jam- at, 20 

0)J tf iS 7&tt<fi*> 6 tefitttB^JfrS $ tb 5 m fc s Mel 

[0 0 7 8 ] L^U **W#ftfc*5l^-Ctt, *ISf B ^ 
* S ffi t T SB m t PpI { £ & JS v y u- =1 ~ A Si Sr K , 

Missis t T»«aia vEm#R t <D#mwt& iot 

[0 0 7 9] E<mttKi«:RA^E«ft:R^«)C«xe 

wtis^^^xy ussffl^y Kit jta 

«;*^tJ:0. fflUHMbSM' ^~<}J»mb mUT^m 
&b<Otn<0$BMm ; BiJS5TaiHS±^JEfl:frlR ; -?:<£> EE 
«*R±©±»«*;»^fcJt:9. flMEBE«tt«i:»l8E 
±tt««i<Dffl<0«tfia>fefc9, WfS6t^k^=inr> 

ABSORB* 5 , 1 0 0-6 0 0ty^Fo-A, jtJ 50 
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L< ft 150-45 0^-y^^ hn-AOilftCi, 
5 0 ^k^^^^ARtORS^l 0 0^->^ hD» 

teHrttcfcSt, TgpailofiJgS^gf Stiff** 

[0 0 8 0] TS««<0Rffr±. «W8*LTftU8"t-i 
r 5RB-e*>SPK 9, #KR££;h,5t><0Ttt: 

ft^*\ fftKliO. 2-2ymt'J)S 0 J±mft§l<7) 

RBfc, *^>aitgS:*lii-5r £#T#£R9, 4#fcfiS 

ri\ £?*L<W:5 0 0 — 5 0 0 Q*>sfx bv-J*X%> 
[0 0 8 1 ] £l_k(Dk&V), *%W(D&ffi&-( >?i>*. 

y hmmmyy hi^m-r^m^mLxmm 
^T«5mffi±a>EEs«;R£, -tcoi±mi$:iiiio±^ms 

ftfH^ Miff, (0iJiJi\ ^b°- 

^7-) . L<tt«S^ % Xtt-fey-b— 4 

[0 0 8 2] 

[UltM] EAT, *H«tJ:oT«W«:*ft:WfciaW 

[0 0 8 3] <nj£#ii >B2tst*ft-e*««ti 

SW^^^aiy HE»ffl^!J >^^y K«r«itLfc. -f 
^^^l 0 2<Die?iJ;£ftcDft£ CEl2(Z)*ftS^fet* 

<T>15&\) OlJ^4mmiU Eft(^IR<OiE?iJ*rR] [H 
2<DWm<DttJj$\) (DftJfj:80MmtU 

mtU ft?^S5r80dpi (Ky h •^•^f>f) 

[0 0 8 4] m2(0 (a) ~ (c) I^SoT, ft 

[0 0 8 5] B*{i (110) $r^-T5*|gR p a g«S« 
1015: 1 2 0 0°CTM^^kb, SffilOl 
\zm^S 0 0 0^">^^ ho~^<7)Z^fk^*M2 0 
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1, 2 0 2fc|ffl*fc:»jfcLfc. -t LX y ZlftSiK2 
(Stv^-^y^u 8BPS2 0 3Sr»*Lfc o :o 

*^^*g B iiSss i o i <r> 

[0 0 8 6] 

[*4] _ 

< 1 1 2 > 

[0 0 8 7] jjfat Ltc 0 y* b YZmm Lfc 

= o 3 ^m^y^^-^j*<»mfefc*/<v$ y 

0»J5fcLfc. S^T'l lOOtCtl^ 

3£*Xffil 0 1 ft, ifty/^^^^Il 0 3^ib 2 x 
1 0" 8 N/m 2 ir/hSi/^ISBEASrSttT^fco 

*#4fi^ t -f h fc ft ciMfc-r > 9 a , mt*/^> <> 

a, shim v b v xitffikt}) *>j*m<D^mVd% 

[0 0 8 8 ] IMfc^na^AgU 0 3_bfc, T 

^ISl 0 4&OTEmf«ll 0 5^911, El 2 (a) 

[0 0 8 9] mm\at, »{fc^7U=i=*J*JRl 03iT 
0 4©Bl:, Ltf^ ^K* 5 

Sffii o 4 t LT^fi^ft, ttS*/^* y y^sci 

h n-A N 0 0 O^y^* hD-A^ U7t 0 

It, EtMl0.5^ HS2^m03SMPZT 

(P b Z r 0 3 - P b T i 0 3 - P b (Mgw N b 2 / 3 ) 
Os] *0>IK6fctt, PZT(7)igftX/N^^!J 

T*;U7 7 *<OPZTMf£«S£/£BIU -ta>«L S£* 

[0 0 9 0] j^T, EEKftffil 0 5 4r*^»»*iS}BE 
X\ % LXTUmfe 1 0 4 SrE**S*-C-tft^U** 

>k (J5*=5 o^-^^^ hp-A) 3tw±««aii o 

6 i LTOM (f^=2 0 0 0ty^hu-A) 
«-Cv^->^^^>>/^tfl/\ 12 (b) ^^-TBfffi 

»«i Lfc 0 

[0 0 9 1 ] ^(Om. 02(c) i 9 EE«fr 
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i o 5wrii2 o 4<t it, myt&^j^-mzw 

«fc!)ffi9l&^fc& % 4 0 O^-CfWaaSrtToTjKy^ ^ 
KJifcJMtLfc. ft!R2 0 4i:»ALfcEm 

^•?fl!l<D®£«Ky tVyKTOtfelr (WO 9 3/ 
2 2 l 4 0*^«(OH3K:SB*<o/&A) fc«fc9ftSU 

8ot:(Z)7fcifcft*y^A7k*«fc«fliu -wtfumm 

2 0 2<7>§flPgf 2 0 3ft>felM*A&*£Kl 0 1©** 
10 B3\ ^B B B ^*^fil 0 1 (DffiM^ (1 10) T'fe 

9, KKBBP»2 0 3^HfT&*-[B]as 

[0 0 9 2] 
W5] 

< 1 1 2 > 

[0 0 9 3] *fpJT*>5^b, ^f^ilO 2£>JWt£ 
*Sia>5fl*:«fife-r5«*OBDSr (ill) ffi^t^rt 

* s T?t, WStfa^Sf Kffi 1 0 1 <Dm&2 5 0 /im(7)fj 

20 [0 0 9 4] «^T, ^ B a B ^*£S 1 0 1 ?rffj|2f&A 
CBlLfciS, ZWkS#R2 0 2 l 2 0\(Dm\tiU 

tE^fdJxtati-sais^si <9 « 9 8 % t s»t*s>o 

[0 0 9 5] »ft^ = = ^ABtl 0 3te, ^y^l 
0 2M^i?)Z8ftiiR2 0 1 Ox^fy^fifi 

[0096] mmmmmxn, ifty/^-^ic, 
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^ii0 2^Mltt#|:; ^^^5 (Rfb>?/u=i=i> 
»JS*«*0*3 0%t8iftT»^ofc 0 SufB* 

[0 0 9 7] < HJS w 2 > t$p*S 1 0 4 off^ ^ itjt 
^f5^*g B B B ^*Sffi^^^^i, £fbtfE^Sift$9 
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Its TfiB®£0)ff*£ 2 0 0 O^r^y^Y 

y #T\ fllJE 3 0 VCOX^XmjE^ 1X1 0 9 EJBIJD 
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J£U ftfp/^»a>tfc* (%) r^Lfc 0 
[0 0 9 8] g*S:flSe*i:fti:8i|^t. * 1 fc 

[0 0 9 9] 
[ill 
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[0 10 0] »ilc*1-J:5fc; aejS^i:, 

[0 10 1] <HJ£#J3 >*'fk^=i=.'>ABISrfl|riJi- 

[0 10 2] 
[*2] 
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[0103] S2t^l-J; 5^ tft^^^^i^) 

¥*$£iRfi^!&S 5 0 0-3 0 0 0^-V^X h n-ACD# 
[0 10 4] <HJ£tfij4 >mti//l'=i~<}J*mffi!&1k<D 

[0105] 
[*3] 
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9 5% 
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[0106] mtmm.& 1 o 5 o°ci^±t\ miK^tms 

4 9 *SJt«WAfft?*) 9,115 OtWlt'teC^ 
[0107] < «S#J 5 >*HJS^JT^ > HJM 1 -C<D 

[0 10 8] -Rflai3|HSt2 0 l±tc, &JRv7m~9 
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y^^^I5:5 0 0 o^y^ ha^gS 
[0 10 9] VftttF^V* ♦fi***S£L4^e>0f 

f^ILt, ^fv^^y HERffl^y >i"sy Ktff 

£$4M;^1- 0 
[0 110] 
[*4] 









9 o ox: 


3% 
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1 0 0 0*C 


2 5% 
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i o 5 ox: 


8 0% 
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1 loot 


82% 
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i i 5 o t: 


9 1 % 
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1 2 o or 


9 2% 
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[0111] i/?vzi~$j±(omcit2 o otglt^S 

[0 1 1 2] *44^Wb^4i5C, ^JB^un^^ 

j*<DmtM.mz, i o 5 o°cKit*)5iHHbewi 

SL<, 11 5 0°CJ^±-Cfc6i:, tt«fctf*Lfc*6*# 

[0113] it SMMfc-e, mti/^^^j^m^ 

[0 114] <Hlfi«6 >H3t*f ±5ft**WKi 

0 2(D&.?lljjfa<D-g:£ [S3 (b) 
**[R]] 5rl00/xm N -^UtT^fp] [S3 (b) (O 
n&ffikmU<Djjm (^)I^4mmi:U JE«fMS<£)Ifi 
£'J;&ft [S3 (b) (DfflB<DtE.ttfa) (Of$li8 0// 

fyfflUl^mtU «M80dpi (Kyh 
• • -f t Lfc 0 

[0 115] Rfc, @4l:fiot, »5gXSS:ftftWlc 

[0116] J?<^ 2 2 0 /x m(7)®^{5: (110) £^pf 

5 9M£i&g§g£«l 014:1 10 OT^fflxtfl&BKfcU 
ffil0 1(7)SB(:f^0. 8Mm£0Z8<tS*R2 0 
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1, 2 0 2SrW*t«*Lfc. 

[0 117] -t LT> ii^oy^ M yiglcig-g 
ftS*R2 0 1, 2 0 2Wi5IC7i-h^h*M 
U 3fti|l2 0 2l(D7t> l/v?^ hCgfg^ 

[0 118] r^SjgSr, *»i:*fc7>^5>*i<& 
***te*fltU ~8Htt£3?fH2 0 2&s<?->'=zy?' 

10 Iff St£ 10 1<D 
[0 119] 

W6] _ 

< 1 1 2 > 

[0 12 0] Ufc 0 

[0 12 1] rc^S«Sr8 O^fiEittau 7th^ 
^*b£W«Lfcft, -»^3i3RlR2 0 BU¥ 2 

0 0*>?X b A^^JSv 1 ^^ — £i»Hl 0 3£tt 

20 9»J*Lfc. 3EK V JE«ftHl 0 5tt, MJ?2/im^3 
SMPZT (PbZrOa-PbTiOa-Pb (Mg 

./3 Nb2/ 3 ) o 3 ) tu -t^Kifcttt. pzt« 

7^/U77^^PZTifM^lU 

^*#H^T*7 5 0°C^T imn<D%M8M\Z- 
<fctK ^ftLt, ffiW4£^PZTHfc3E*Lfc 0 
PWc, r^JRWfiSIfcfc^T, ft* v^yu A Bl l 0 

3«. mtztixmtv^^-v j*mz.t£*) . ^<omw 

30 t4 0 0t>^hD-A£««Lfc o g^t, J±Sfr 
R10 5 Jit, iSBWffil 0 6 t LT, HJ5 0. 1 /i m 

[0 12 2] Zfet, If(7)7t h U yii^ T^=dT> 

fc, ±«mm-i o 6 % j±mftjgt io5, stFT^mffiK 

1 0 4£rjSB©JBttfcJPIU El 4 (b) t*i"Bfffi« 

[0123] 04(c) £ 5 fc, flE*ft 

Hi 0 5«ril2 04t LT®3ttt^y-7Hi£rJ¥^ 
40 2 n mCM U ±S8«ffi 1 0 6 ±©««R«raftK £ 
9JR9lfc^fcft, 4 0 Ot;-ef»«fSIS:fTo"C*y>f 5 K 
■«r»J*Lfc. {SS§i2 0 4 «r#j*Lfcffi*tf* 

^fflkoffifc, «HE**«l-Cfflt^fc»*k:J:9(ftHU 

2 0 2(7}rJPSP2 0 3d^¥»A3i*StRl 0 1 GDS^F 

tt3:y^^^Srfifi\ ^>^il 0 2SrJKfiRLfc. :w 

¥igfaS*S1£ 1 0 1 <7>ffi*<fi:# (110) T'fo 
5, W-MPW2 0 3©J|fT#*lRl36S 
[0 12 4] 
50 [^7] 
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< 1 1 2 > 

[0 1 2 5] JffaX'hZfrb, ^>^|10 2 
*[pJOiaSr?gj*r5<Bg^ffiSr (111) Hi-fSri 
#T*t, *Sf B ^Sffil 0 1^11^2 2 0 jim OiSSS 

[0126] »^T. ¥£A3£X££ 1 0 1 £ffife?&JI 

[0 12 7] :3 LT, ft*«gl:aft^yU3=i^A 

ra«OB^ttl«Rta»*t*:i:r?», 8 0%£il±<Oift 
[0 12 8] <3tHS«7>*|llfct«-ett, El5{C^:-rj: 

l o i±fciESf4«^3 = *A|ii 0 3Wlt 

[0129] 06 (a), (b), (c) t»oT»ig 
[0130] @6 ( a ) £ 5 fc, 

i o i<7)isjB^iijgiJij6 traaHcL-c, ZSftiii 2 

0 1, 2 0 2Sr«J*LfcSL ~»^3S*K2 0 2 

w&%<r>y* h y yisct, h h 4 o i 

— VflgjjtLfco WIB^^- H/^ h<£>/^ 

rtSR^Kft-rrifciO, ~^{t:^*Si2 o 1 
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[0 13 1] -toft, 06 (b) C«-J-J:5K1* 8 0t 
OlKKfciT, 7* h i/^^ h 4 0 1 £r«|t Lfc Q 

%ttfl6 tmmzLT, me ( c ) {CTF-rip, iMb^ 

^□-^Afl 0 3, TSUtgl 0 4. ElMl 0 
5 , &tf±$m« 1 0 6 &m&Bf& Ltz 0 
[0 13 2] Hifc#J6 iR«KlLT, -Y^S 

10 2i:(Sil2 0 4SrMlt, B 5 H**1*i6{*: * 

10 [0133] :^ lt, mmm^tmt^^^^^j^ 

[0 13 4] <H1S^J8>^JB> ? ^3- «?A©l»ffSra 

8ufEJ£J6#J 6 k IW*fl>*fls 

20 [0 13 5] TSKWffi, St/BE«ftttt Ltll, 

tURff^O. 8jim0&&J|, &tf*ff*Sl. Sitim^ 
3^PZT (II560J 6 TM£fflLfc *><£>) 4rfflWc Q 

Oxtffl$Lfc 0 S 5 »;:«*«: *-f c 
[0136] 
[*5] 
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[0 13 7] = »«iCJ:^ £ 

■t{k^yu3 = ^A»^»aft8W©iSB»±, 10 0-6 

[0 1 3 8] Tg[SA;li<7>J?^£0. 2-2/zmi:U P 



50 



ZTJ±mfrffi<7){?^£0. 5-5 /imi LT, iitrEfcia 
[0 13 9] RJf 2 0 Ort^* hP-^O^JR^U = 
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[0140] mm^mmx-it. -m\3k%m^&-rz> 

IWtS?A'3 = !>ARojHi4lWo|BHl±. 10 
0~6 0 0ty^Fn-AfJ)ot, 10 
[0 14 1] <^jj£0ij9 y&mi/^^-V&i&bTUn 

[0 14 2] ^ifJfffl&Jli: Lt, 9\s9fr, 

U #®<9#1~54^ VhrS]±Lfc g 
[0 14 3] r ft XSIBStK J: oT#W L 

PZTa»fcitttLfc»i: U 8Mb 
[0 14 4] ^ y 5?!>ASr*#JIffl^Mi: LTffl 

9»17~l 0#f V M6]±Lfc, 

[0 1 4 5] Mfi<7)HJt£0i|6~9l£*J^Tf4, PZTffl 

*«saf^sjagi4, mt-r^ 0 6 5 o~s 5 ot® 

[0 14 6] 

=1 - £ Aug* Z - £ \ Z J; I) „ iffaSJitXgT CO 
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f*y MBSffl^y KT-fcfc, *»**ltft^A' 

= = £A&a»bft5«»*E©iUft#&K, if^ttcoftft 

fc-ttWicffM-tsr Hi-Cf Sfcft, S^ST*, ^> 

[01] <t 5^ y MEgiT'y i/^^ 

[12] *&w\z£?><{>9is^y htmmyj v9^ 
[113] *%ynz£z>j>9is^y na^fflyu 

A' 

[0 5] *&mz£Z>{>9 is=. y Y%iffi.n-?V y9^ 

[0 6] 0 5t*-r*H^{cJ:5-f HfEfiUB 
/D^y Kco±Sgi5coMitXg^^-f»fS0T-fo 
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[*trBl ¥J*1 3^1 2J3 1 8 0 (2 0 0 1. 1 2. 1 8) 

[<£98#-SH 4#fH?^ 9-254386 

M9^9^30P (1997. 9. 30) 

^m^ft^m 9-2544 

#I¥8-8 17 5 1 
tH^#W^«B7)ig] 

B41J 2/045 
2/055 
2/16 

[F I ] 

B41J 3/04 103 A 

103 H 



[»tH 0] ¥fiEl3$7| 5 0 (2 0 0 1. 7. 5) 

[!t**u nmn*fi-rz>w&M i mm&fok. 

[f***2] ^fB^k^^-^AKO^ s B B «iS^^ 
[ft** 3] fuET^®ffi(DJ¥^J: 9 x WESM^^ 

[if** 4 ] flJEBtft vv^ = - «? ARosptSSSttS 
#500-300 OJt^fx hn-ATfc5fg**2X 

[if** si s&iast{kv^/u==^ABi<©Biff* s , 10 

0-6 0 0*y?X h p— A-Cfc5ff**l KE*fc<D-f 

-y hEti^yy^^^ Ko 

[if** 6] mCflE«ffR^Rff3i^ 0. 5-5 Mm 

^ y Ko 

[If** 7] iiuEEESftRriv ^^>^^>^iS 
(PZT) «-C*)5li*«i-6<Ol^-f*t3ft»-WcE<| 
AM^v^ ;/ hESffl^U ^^^3/ Ko 
[If** 8] S&EE«tt«#, 85 3j£#£5^%£A 

1 



±^fc'3*^v?yu=i^»^^>ifej& (PZT) BIT- 
s> Ko 

[IS** 9] METttWiaS, &&Xl*'<7i/'}M><D 

[fit**i 0] WEIfcfls^3 = «?AlItmET»« 
EfcE<ft<0-f v^y hE^ffl^y vt^y K 0 

[it** 1 1 1 ffim&mm&mt&m ± o ^sst** 

1 0KEtWy?i?xy hE^yy K 0 

[w**i 2] menfbftAA^ kmi^-*^ 

**i 1 CEI^y^x^ hEiffl^U^^^ 

Ko 

[ft** 1 3 ] JftETWmS, S(rEBE«fMJL Al/SS 
1-1 2^^fti^-Wi!Ei^y^> ? xy hESffl 

~f\) ^$^y Ko 

[IS**14] Jtii?LS:*ri-5*ftfi3i*»Ki, * 
HaE¥»*a*S«^*iS$ixS^S: % WEKft^ 




hmmm7 , })>*^y vom&jj&xhox, mumt 
Rt, : t<oj±m&m±<D±%immi:*ttt4 >w*y 

^ = *J*R£ricR1-5Xg£, tt*Sr$tf#HftE|ifc 

i 7 ] ffi£0&An-9&&as i o 5 ox:si±x 

*>5tt*S 1 5 Xtt 1 6 KlE*©RiS*S Q 

l 8 ] ffiG0&«L9&£a* l l 5 OtHit 

l£fq v (PZT) BE«ft(»Bfl:gtt»ia-t-5igi:, gg« 

Ev^avRf-^Rft (PZT) JE«flq!JKft«£^ 
^^^M^fyms (PZT) flEft*Kfc«*-r5xS 
Sr3Efc^tfW*3H 5 — 1 8co^-f ft,7&>— ^^Eft^K 

Stt1"<5flfi?l 0 0 — 6 0 0^->>/^ h n — J*<D&ikis 



#gfJ¥9 - 2 5 4 3 8 6 

m&£7FM1-5Xg<!:, *oT»«i±lcii§BBrtifek: 
^3y»f?yBft (PZT) mW/mf&WKk 
M&lrhTMk. *<Di?Ji'=*l'm^jri'ffib (PZT) 

*\zxmfem\^ mE^3^»^*>iMB (pzd 

ff«*mjJB#3rfeAtt^S/yu=j v»^^>S^& (PZ 
T) ffi«ftfc*»i-Si:|B|«FK:, »E4JI^3 = ^ 
■KrlMfc^/ua ~ £ A^c^m-r^XSi Sr^trC k 5r 

^m<bi-£^ hmmmyvisf^y Kwsas 

t^Ig^il, tt^T*<B&*R±fcT««tt«:JB 

[91*^22] &%mm<D&mm\ 

[SMUS2 3] fffc&SaKdS 6 5 0-8 5 0°CT*fc£ 
R*« 2 0-2 2 tf)!,vf ft**— WcEftOjtifi^ffi. 

Rt, ^coiim*si±(o±^mst ^frT^^m- 
si>z2- $2>>m±.<DTnmfck, Z(DT^mm-t<Dj±mfc 

Rt, *WfiE«*R±w±«B«StSr^tf-<v^y3:y 

=» = ^ARSrfifcRi-5lSi:, »»*^tr#H«1>-e«l 

L X Slj ffi^M ^3 = ^JSJ: ffi(E»^ ^ = ^ 
ARfcaSR-t-SXatr-aftrr <b >^ 
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